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The grand reception accorded to the first volume of our book “Elements of Chemistry” by our 
beloved students and respected teachers, encouraged us in the belief that our aims and objectives had 
been largely achieved. In preparing both the volumes, our aim was to help the students to have a clear 
understanding of the basic principles and concepts of fundamentalchemistry, to provide a sound 
background for higher studies in chemistry and to develop competence in our students to persue 
professional courses like engineering, medicine, dentistry etc. 

The present volume is divided into three sections—part | contains general chemistry, part Il 
includes metals and their compounds and part Ill deals with the different aspects of organic 
chemistry. The factual part in each section has been described in simple and lucid language with 
proper reasoning and logic. At one time there was a general complaint which is still present among 
our students that chemistry is nothing but a collection of unco-ordinated facts suited only for memory 
work and anybody who can memorise it, will come out with fying colours in the examination. We 
firmly believe that this old concept is no longer valid today, on the contrary, the subject is to be 
conceived in a systematic manner without craming facts & figures. Hence, we have incorporated 
theoretical aspects in explaining the informative part of the subject. The readers will judge whether 
we have succeeded in our mission. 

In organic section we have emphasised the need to explain the reactions in terms of mechanism 
without omitting the factual part of the subject. Therefore, a short review of drugs, dyes, ers 
etc., have been undertaken in this section. 

We have introduced improved treatment of atomic orbital, detailed idea of V. S. E. P. R model, 
М. О. theory, unified treatment of the periodicity in properties, new І. U. Р. A. C nomenclature for 
elements of atomic numbers more than hundred, basic idea of free energy and entropy etc. At the 
endof each chapter a number of questions are given which are mostly taken from different competitive 
examinations e.g., l.l. T. admission test, Roorkee entrance and W.B.J.E.E. Solving these questions will 
bring confidence in the students which, in our opinion, is the primary requisite in achieving success 
in Competitive examinations. 

In preparing this volume we have freely consulted a good number of books written by foreign and 
Indian writers so that the students can get the correct and latest informations. 

Inspite of our best efforts, we do not claim that the volume is free from any error. We shall feel 
highly obliged for pointing out the errors, if there be any. 

We would like to record our sincere thanks to good numbers of respected teachers of various 
schools and colleges who have helped us in a number of ways by offering valuable suggestions and 
informations during the preparation of this book. On this account our special thanks are to Dr. Murari 
Mohan Lahiri of Belur Ramkrishna Mission College, Dr. S. C. Das of Surendranath College and Dr. 
(Ms.) Chhabi Das of Bethune College of Calcutta. We are indebted to Sri Mukul Ghose of 88,8 
Basudevpur Rd, Calcutta; for his constant encouragement in writing this book. We express our sincere 
thanks and gratitude to the members of the efficient staff of M/s Publishing Syndicate for their help 
in bringing out this volume. 

Finally, we will fail in our duty if we do not clear our debt to Sri Sachchidananda Guha, the most 
dynamic personality and very efficient leader of Publishing Syndicate team, who through his 
perseverence, inspiration and untiring effort far beyond his professional duties, made this volume 
available to the students. ; 

We shall consider our labour to be rewarded if this volume is found useful by our beloved students. 
We would gratefully welcome suggestions from our respected teachers for the further improvement 


of this book. 
Sukhendu Maity 
6. 10. 97 Manas Ganguly 
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JOINT ENTRANCE EXAMINATION 
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FOR ADMISSION TO ENGINEERING, MEDICAL AND 
TECHNOLOGICAL DEGREE COLLEGES 


SYLLABUS FOR CHEMISTRY 


FULL MARKS 100 
Each module carries 10 marks 


MODULE 1 


А. Atomic Structure 

Fundamental particles of atom—their discovery. 

Structure of atom. Rutherford model—its strong and weak points. Bohr's atomic 
model—its advantages and limitations. Distribution of electrons in shells and sub-shells. 
Orbits and orbitals. Mass number of atoms. Atomic number. 

B. Radioactivity and atomic nucleus 

Definition of radioactivity. Theory of radioactive disintegration. Difference between 
radioactive disintegration and chemical transformation. Artificial radioactivity. Isotopes. 
Applications of radioactivity. : 

C. Periodic classification of elements 

Mendeleeff's periodic law. Periodic Table. Significance of groups and sub-groups. Strong 
and weak points of Mendeleeff's Periodic Table. Modern Periodic Table—classification of 
elements on the basis of electronic configuration. Variation of electronegativity across the 
Periodic Table. 


MODULE 2 


А.. Laws of chemical combination 

Statement of the laws and experimental verification. Gay Lussac's law of gaseous 
volumes. Postulates of Dalton's atomic theory. Merits and limitations of Dalton's atomic 
theory. Interpretation of the laws of chemical combination in terms of Dalton's atomic 
theory. Concept of atomic weight. 
B. Avogadro's hypothesis and molecules 

Factors that led to the adoption of Avogadro's hypothesis. Concept of molecule. 
Statement of Avogadro's hypothesis. Role of Avogadro's hypothesis in reconciling Gay 
Lussac’s law with Dalton’s atomic theory. Derivation of the law of gaseous volumes from 
Avogadro's hypothesis. Modification of Dalton’s atomic theory in the light of concept of 
molecules. Concepts of molecular weight, gram molecular weight, molar volume, and 
Avogadro's number. Determination of Avogadro's number. Important deductions from 
Avogadro's hypothesis. Concept of mole. 
C. Chemical equations and valency 

Definition of valency. Valency of elements and radicals. Variable valency. Meaning of 
a chemical equation. Limitation of a chemical equation. Types of chemical reaction. 
Chemical calculations—calculation involving weight to weight, weights and volumes. 
Eudiometry. Empirical formula and molecular formula. 
D. Nature of chemical bond 2 

Electronic theory of valency. Electrovalency. Conditions of formation of ionic bond. 
Examples of ionic bonding. Characteristics of ionic compounds. Covalency. Lewis electron- 
dot structure. Formation of covalent bond. Valence bond theory. Hybridisation. 
Characteristics of covalent compounds. Coordinate bond. Polarity of covalent bonds. Dipole 
moment. Hydrogen bond. 
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MODULE 3 


A. Properties of gases 
Volume-pressure relation of a gas. Temperature-volume relation of a gas. Absolute 
temperature and absolute zero. Combination of Boyle's law and Charles' law. Molar gas 
constant. Dalton's law of partial pressure. Partial pressure and mole fraction. Diffusion of 
gases—Graham's law. Real gases—deviation from. behaviour of ideal gases. Numerical 
problems (For ideal gases only). J 
B. Solutions and solubility 
Characteristics of solutions. Comparison of solution and compound. Classification of 
solutions according to concentration. Solubility. Determination of solubility. Dependence 
of solubility on temperature and pressure. Solubility curve. Crystallisation. Water of 
crystallisation. Determination of water of crystallisation. Suspension, colloidal state and 
true solution. Purification of colloids. Practical applications of colloids. Numerical problems. 
C. Equivalent weight and atomic weight 1 
Equivalent weight of an element. Gram equivalent weight. Equivalent weight of 
radicals. Relation between atomic weight and molecular weight. Methods of determination 
of equivalent weight of elements. Determination of atomic weight of elements. 
Determination of molecular weight by Victor Mayer's method. Mitscherlich's law of 
isomorphism. 
D. Acids, Bases and Salts + 
Arrhenius’ concept of acids. Classification of acids. Arrhenius’ concept of bases. 
Classification of bases. Salts and their classification. Oxides and their classification. 
Equivalent weight of acid, base and salt. Concentration of a solution. Neutralisation. 
Standard solution—definition, characteristics, examples. Indicators—definition, types, 
selection. Numerical problems on acidimetry and alkalimetry. 


MODULE 4 


A. Oxidation and reduction 

Classical concepts of oxidation and reduction. Electronic concept of oxidation and 
reduction. Relation between old and new concepts. Oxidation state or oxidation number. 
Oxidation number and valency, rules for balancing chemical equations by oxidation number 
method. Equivalent weights of oxidants and reductants. 
B. Electrolysis 

Electrical conductivity of melts and aqueous solutions. Definition of electrolysis. 
Comparison between thermal and electrolytic dissociation. Arrhenius’ theory of electrolytic 
dissociation. Faraday’s laws of electrolysis. Electrochemical equivalent. Relation between 
chemical equivalent and electrochemical equivalent of an element (Numerical problems 
on electrolysis). 

C. Chemical equilibrium 

Definition. Law of mass action. Concept of chemical equilibrium. Equilibrium constants 
Kp, Ke- Le Chatelier's principle and its application. (Numerical problems on law of mass 
action excluded.) 

Physico-chemical principles of large scale preparation of hydrogen, ammonia, nitric 
acid, sulphuric acid (contact process only) and coal gas (details of preparation to be omitted). 
D. Catalysts and Catalysis 

Homogeneous and heterogeneous catalysis, autocatalysis, positive and negative 
catalysts, promoters and catalyst poison (Definitions and examples only). 


MODULE 5 


- А. Chemistry of oxygen, hydrogen, water, hydrogen peroxide and ozone 
Preparation of oxygen from potassium chlorate, oxides of weak electropositive metals, 
nitrates of metals; by decomposition of compounds rich in oxygen; from oxy-acids : 
concentrated nitric and sulphuric acids; from hydrogen peroxide and peroxide compounds; 
by electrolysis of water; from air. Formation of oxides. Oxidising property of oxygen. 
Reducing action of oxygen. Absorption of oxygen. 
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Preparation of hydrogen in the laboratory; from acids, alkalis and water. Properties of 
hydrogen—reducing property, oxidising property, action on non-metals. Occlusion of 
hydrogen, nascent hydrogen (excluding explanation). Atomic hydrogen. Ortho and para- 
hydrogen. Isotopes of hydrogen. 

Hard and soft water, causes of hardness of water. Softening of hard water by boiling; 
by Clarks process; by lime soda process, permutit process, ion exchange resin process; 
demineralisation of water. Degree of hardness. Principles of determination of composition 
of water by Dumas' and Morley's methods. Heavy water. 

Hydrogen peroxide. Laboratory method of preparation. Merck's process. Large scale 
preparation of hydrogen peroxide by electrolytic and auto oxidation processes. Properties 
of hydrogen peroxide—acid property, oxidising property, reducing property. Tests of hydrogen 
peroxide. Strength of hydrogen peroxide. 

Laboratory method of preparation of ozone. Preparation of ozone from ozonised oxygen. 
Oxidising property of ozone. Reaction of ozone with peroxides. Tests for ozone. To show 
. that oxygen and ozone are allotropes of the same element. 

B. Nitrogen and its compounds 

Laboratory method of preparation of nitrogen. Preparation of nitrogen from nitrogenous 
compounds. Action of nitrogen on metals and non-metals. 

Laboratory method of preparation of ammonia. Other methods. Manufacture of 
ammonia by Haber process. Action of ammonia on metallic salt and chlorine. Formation 
of complex salts of ammonia. Nessler's reagent. 1 

Laboratory method of preparation of N90, NO, N04, НМО» and HNOs. Industrial 
method of preparation of HNO3. Action of HNOg on non-metals, copper and zinc. Aqua 
regia. Oxidising property of HNO3. Oxidising and reducing action of HNO». Detection of 
nitrites and nitrates independently and iri presence of each other. 

C. Boron and its compounds 

Preparation of boron. Reaction with air. Action on acids and alkalis. B203 is 
amphoteric—why? Action of B203 on concentrated H9SO, and CaF; or KBF,. Preparation 
of boric acid from borax and colemanite. Action of boric acid on NH4HF. Titration of boric 
acid. Tests for boric acid. Preparation of borax. Borax bead test. 

D. Carbon and its compounds 

Allotropic modifications of carbon. Preparation of CO. Carbogen. Action of CO on nickel. 
Production of organic compounds. Detection of CO. Preparation of CO». Action of CO? on 
lime water, ammonia. Combustibility of CO2. Dry ice. Fire extinguisher. Coalgas. (Details 
of preparation omitted). 


‘MODULE 6 


A. Phosphorus and its compounds 

Preparation of white phosphorus from bone ash (by old retort process and Parker- 
Robinson process). Conversion of red phosphorus to white phosphorus and vice versa. 
Properties of phosphorus—chemiluminescence, reaction with hot concentrated HNOs, 
concentrated alkali, CuSO, and AgNO; solutions, acidified KIO3 solution. Structure of 
white and red phosphorus—dependence of their properties on structure. 

Preparation of phosphene. Action of phosphene on chlorine, CuSO, and AgNOs. Holmes’ 
signal. Ammonia is a much stronger base than phosphene—explanation. Phosphorus 
trioxide—reaction with hot water and alkalis. 

Phosphorus pentoxide—reaction with water and alkalis. Action as a dehydrating 
agent. 

Phosphorus trichloride and pentachloride—hydrolysis. 

HgPO3—preparation; reaction with CuSO4, AgNOs and HgClo. A strong reducing 
agent—explanation. Ма;НРОз a normal salt—explanation. 

HsPO,— preparation from bone ash. Action of heat. Reaction with alkali. Action on 
bromides. Identification of the phosphatic radical. Microcosmic salt bead test. 
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B. Halogens 

Fluorine as a 'superhalogen'. Difficulties in isolation of fluorine. Preparation оѓ fluorine 
by Moissan, Dennis, and Whytlaw and Gray methods—electrolytic cell, electrodes, electro- 
lytes, reactions at electrodes. Reaction with water, alkalis and organic compounds. Oxidi- 
sing property. Tests for fluorides. 

Preparation of chlorine : action of acids on metallic chlorides. Preparation at room 
temperature. Action of chlorine on alkali, dry slaked lime, quick lime, H2092. Bleaching 
property (comparison with SO). 

Preparation of bromine: action of acids on bromides. Detection of' bromides and iodides 
individually when they are associated together. Chromyl-chloride test. 

Preparation of HF, anhydrous HF, HBr and HI. HI is a stronger reducing agent than 
НСІ and HBr. 

C. Sulphur and its compounds 

Allotropes of sulphur. Action of acids, alkalis and K2COg on sulphur. Preparation of 
Н›5, SO», SO5, H2SO3 and H2SO4. Reducing action of H2S and 502. Oxidising property of 
SO». Action of H9SO4 on metals and non-metals. Tests for sulphates and sulphites. 
Application of HgS in qualitative analysis of basic radicals. 


MODULE 7 


A. General metallurgical processes 
Ores, minerals and gangue—definition. Flux and slag. Metallurgical processes— 
concentration, calcination, roasting, smelting and reduction. Refining. General methods 
of reduction—carbon reduction, self reduction, hydrometallurgy, electrolytic reduction, 
thermal reduction. Principles of thermal refining and electrolytic refining. 
Principles of extraction of 
(a) Sodium—by Castner’s process and Down's process. Comparison between two 
processes, 
(b) Calcium—by electrolytic reduction, thermal reduction. 
(c) Aluminium—by Bayer's process, Hall's process, Serpeck's process, electrolytic 
reduction. Electrolytic refining. 
(9) Copper—by dry process, wet process. Refining. 
(e) Zinc—by carbon reduction process, electrolytic reduction process. Refining. 
(f) Iron—manufacture of cast iron by carbon reduction process. Manufacture of steel 
from cast iron by Bessemer process, open hearth process. 
B. Compounds of metals 
Principles of preparation, properties and uses of oxides, hydroxides, chlorides, nitrates, 
sulphates and carbonates of the above metals. 
C. Large scale production of important compounds 
Principles of large scale preparation of caustic soda, washing soda, sodium bicarbonate, 
bleaching powder, plaster of paris, common alum, blue vitriol, white vitriol, green vitriol. 


MODULE 8 


A. Electronic structure of organic compounds 

Electronic configuration of carbon. Theory of structure of organic compounds—constant 
tetravalency of carbon. Structure or organic compounds according to tetrahedral model. 
Modern concept of sigma bond, pi bond and hybridisation of orbitals. Isomerism—structural 
isomerism, stereoisomerism. (Types and examples only). I.U.P.A.C. nomenclature of organic 
compounds. 
B. Saturated hydrocarbons 

General methods of preparation—by decarboxylation of carboxylic acids; reduction of 
alkyl halides; catalytic hydrogenation; Wurtz reaction; Kolbe's synthesis; reduction of 
carbonyl compounds; reduction of alcohols, aldehydes, ketones and carboxylic acids. 
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General properties—halogenation; nitration; sulphonation; oxidation—combustion; 
pyrolysis; isomerisation; aromatisation; dehydrogenation. 

Methane— principles of preparation; properties. 

Ethane—principles of preparation; properties. 
C. Unsaturated hydrocarbons 

C meral methods of preparation—by dehydration of alcohols, dehydro-halogenation 
of alkyl halides, Kolbe’s electrolytic method, partial halogenation of alkynes, pyrolysis; 
from Grignard reagent; by heating quaternary ammonium hydroxide. 

General properties. Reaction—combustion, addition reaction, ozonolysis, polymerisa- 
tion, isomerisation; substitution reaction with halogens. 

Ethylene—principles of preparation; properties. 
D. Halogen derivatives of paraffins 

General methods of preparation. General properties. Preparation and properties of 
chloroform and iodoform. 
E. Aliphatic alcohols 

Preparation of methyl alcohol by destructive distillation of wood; from water gas, 
natural gas, from methyl chloride, methyl acetate, methyl amine and formaldehyde. 

Properties of methyl alcohol. Reaction with alkali metals, carboxylic acids, halogen. 
Halogenation, dehydration, oxidation, reduction. 

Preparation of ethyl alcohol from glucose, molasses, starch. Properties of ethyl alcohol. 

Reaction with alkali metals, carboxylic acids, halogen acids, ammonia. Halogenation, 
dehydration, oxidation, reduction. Haloform reaction. Chemical tests to distinguish 
methanol from ethanol, chloroform from ethanol, chloroform from methanol. 

Interconversions—from higher alcohol to lower alcohol and vice versa; from primary 
alcohol to secondary or tertiary alcohol and vice versa; methanol and ethanol into 
formaldehyde and formic acid; methanol and ethanol into methane, ethylene and acetylene; 
ethanol into ethane and propane etc. 


MODULE 9 


A. Ethers and carbonyl compounds 

Preparation of ether by dehydration of alcohols; by Williamson synthesis; by heating 
alkyl halides with silver oxide; by the action of diazomethane on alcohols. 

General properties. Reactions—formation of peroxides, oxonium salts; halogenation; 
reaction with H2SO4, PCls, HI, acid chlorides, CO; combustion. 

Diethyl ether—preparation, properties. 

Chemical tests to distinguish between ether and methanol; preparation of aldehydes 
and ketones by oxidation of alcohols, catalytic dehydrogenation of alcohols, oxidation of 
alkenes, reduction of acid chlorides, hydrolysis of gem-dihalides, heating calcium salts of 
fatty acids; by Stephen reduction, hydrolysis of aceto-acetic ester; from Grignard reagent. 
General properties. Reactions—oxidation, reduction, addition; reaction with alcohol, 
ammonia derivatives, halogens; aldol condensation; Cannizzaro’s reaction; haloform 
reaction. 

Formaldehyde, acetaldehyde, acetone—preparation. Properties. 

B. Aliphatic acids 

General methods of preparation—by oxidation of primary alcohols and aldehydes, 
oxidation of secondary alcohols and ketones, hydrolysis of nitrites or alkyl cyanides, 
hydrolysis of esters, hydrolysis of acid chlorides and acid anhydrides, hydrolysis of acid 
amides, carboxylation of alkenes, by haloform reaction; from sodium alkoxides. 

Properties. Reactions—replacement of ionic hydrogen, replacement of hydroxyl group, 
reactions of carbonyl group, decarboxylation, replacement of hydrogen atom of alkyl group 
by, halogens; dehydration. 

Formic acid, acetic acid, oxalic acid—preparation. Properties. 
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C. Acid derivatives 
Acetyl chloride, acetic anhydride, acetamide, amines, nitrites— preparation. Properties. 


MODULE 10 


A. Aromatic compounds 

Isolation of aromatic compounds from coal tar. 

Benzene—preparation. Properties. Reactions—halogenation, sulphonation, nitration; 
Friedel Graft reaction; chlorination, hydrogenation, ozonolysis; combustion, oxidation, 
aldehyde synthesis, chloromethylation. 

Toluene—Preparation. Properties. Reactions—chlorination, oxidation, hydrogenation, 
nitration, sulphonation; Friedel Craft reaction. 

B. Nitrobenzene 

Preparation from benzene, diazonium salts, aniline. Properties—reduction, halogena- 
tion, nitration, sulphonation. 
С. Aniline 

Preparation from nitrobenzene, chlorobenzene, phenol, benzamide, benzene, azo com- 
pounds. Properties—reaction with acids, alkyl halides. Carbylamine reaction, benzoylation, 
diazo reaction. Conversions using diazonium salts. 

D. Phenol 

Preparation from coal tar, benzene, benzene diazonium chloride, chlorobenzene, aniline. 
By Raschig process, 

Properties—reaction with NaOH, Zn, PCls, P5Ss, NH;. Acetylation, benzoylation. 
Reduction. Reaction with Brg. Nitration, sulphonation, nitrosation. Friedel Craft reaction, 
Kolbe Schmidt reaction, Gattermann reaction. Condensation reaction. Reaction with 
phthalic anhydride. Oxidation. Uses. 


€ CONTENTS @ 


ATOMIC STRUCTURE 2 I 3—53 
Fundamental particles of atom 3 Structure of atom 8 Defécts of Rutherford’ s model of atom 
12Bohr's atomic model 17 Successor applications of Bohr's model 22 Limitations of Bohr's 

atomic model 23 Distribution and arrangement of extra nuclear electrons in different shells 

and subshells 25 Symbolic representation of electronic configuration of atom 36 Wave nature 

of an electron 39 Mass number of atoms 41 Atomic number-X-ray spectra and Mosley 's work 

41 Problems related to atomic structure 42 Questions 48 


RADIOACTIVITY AND ATOMIC NUCLEUS D ... 54—91 
Natural radioactivity and its discovery 54 Radioactive substances 54 Nature and character- 

istics of radioactivity 55 Nature and properties of a, B and y rays 56 Comparative study of the 
properties of a, B and у ray 60 Theory of radioactive disintegration 61 Disintegration series 

63 The group displacement law and the periodic table 63 Law of radioactive decay- 
radioactive constant 65 Half life period 66 Radioactive equilibrium 68 Cause of radioactiv- 
ity—Neutron-proton ratio and nuclear stability 69 Nuclear transformation and Artificial 
radioactivity 72 Nuclear reactions—how does bombardment with high speed particles bring 

about transmutation of elements 73 Isotopes 74 Application of Radioactivity 76 Structure of 

the atomic nuclei and nuclear stability 79 Solved problems 81 Questions 87 


PERIODIC CLASSIFICATION OF ELEMENTS 

AND PERIODIC PROPERTIES ... m 92—143 
Lother Meyer's atomic volume curve 93 Mendeleeff's periodic Law 94 Periodic Table 94 

Main features of periodic table95 Significance of groups and sub groups 97 Merits of periodic 

table 98 Defects of Mendeleeff's peroidic table 99 Modification of Mendeleeff's periodic law 

and classification of elements according to atomic number 100 Classification of the elements 

onthe basis of electronic configuration—extra nuclear structure as the basis of periodicity 104 

Types of elements 106 Classification of elements into з, p, d and f blocks 109 Characteristics 

of periodic table 111 Solutions of some typical problems 134 Questions 137 


OXIDATION AND REDUCTION... m see 144—179 
Oxidation and reduction according to old concept 144 Electronic concept of oxidation and 
reduction 146 Oxidising and reducing agents according to old concept 147 Oxidising and 
reducing agents according to electronic concept 148 Oxidation and reduction occurs simul- 
taneously 149 Oxidation state and oxidation number 152 Method of finding out the oxidation 
number of an element in a compound 155 Oxidation number and valency 157 To find out 
which substance is oxidised and which one is reduced in a redox reaction with the help of 
oxidation number 158 Rules for balancing chemical equations by oxidation number method 

159 Balancing a chemical equation by ion-electron method 169 Oxidation number of 
elements and periodic table 174 Equivalent weight of oxidants and reductants 175 Questions 

176 

ELECTRO-CHEMICAL CELLS... on M ... 180—203 
Galvanic cell 180 Cell E.M.F. and cell potential 181 Electrode potential or half cell potential 

182 Standard Electrode potential (E°)-method of determination 183 Determination of 
standard electrode potential of a half cell 184 Electro-chemical series 186 Reduction 
Potential—Concentration of electrolyte—Nernst equation 188 Solved problems 194 Ques- 

tions 200 

NATURE OF CHEMICAL BOND e ... 204—292 
Electronic theory of valency 204 Rlectrovaleniey “"Hlectrovalentoric ionic bond 205 Ionic bond 

and periodic table 210 Nature of ionic linkage and structure of electrovalent compounds 211 


N.B. Topics in italics are not included in W.B.H.S. Syllabi. 
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Exception of octet rule and variable electro-valency 216 Characteristics of ionic compounds 
218 Covalency—electron pair bond or covalent bond 219 Modern concept of covalent bond— . 
valence bond theory 225 Resonance 231 Resonance energy 232 Hybridisation 233 Variable 
covalency 237 Conditions for the formation of covalent bond 240 Properties and character- 
istics of covalent compounds 241 Jon-deformation or Ion polarisation—Fajan’s rule 242 
Deviation from octetrule in covalent bonding 246 Explanation. for the deviation from the octet 
rule 247 Co-ordinate covalency and co-ordinate bond 250 Properties and characteristics of 
co-ordinate covalent compounds 255 Molecular: orbital theory of covalent bond 260 Polarity 
of covalent bonds—dipole moment 266 Dipole moment 269 Applications of dipole moment 
270 Hydrogen bond or hydrogen bridge 275 Characteristics of hydrogen bonding 277 Types 
of hydrogen bonding 278 Influence of hydrogen bonding on the physical and chemical 
properties of a compound 278 Shape of covalent molecule and V.S.E.P.R. theory 285 
Questions 287 

THERMO-CHEMISTRY vee es. wi ... 293-7 
Enthalpy or heat content 294 Standard states 295 Laws of thermo-chemistry 296 types of heat 
of reactions 297 Heat of solution or enthalpy of solution 298 Heat of neutralisation or 
enthalpy of neutralisation 298 Heat of atomisation orenthalpy of atomisation 299. Numerical 
problems 300 Questions 304 

CHEMICAL THERMODYNAMICS aee ut .. 308—326 
Fundamental concepts of chemical thermodynamics 308 First law of thermodynamics 311 
Worked out problems on first law оў thermodynamics 314 Second law о]! thermodynamics 316 
Carnot’s cycle 316 Concept of entropy 317 Gibb’s free energy 319 Worked out problem on 
second law 322 Questions 323 


ADDENDUM m E" ane .. 327—329 


GENERAL METALLURGICAL PROCESSES >” 2. 1—19 
Structures of metals 1 Осоштепсе of metals 3 Metallurgical processes 4 Gangue, flux and slag 

7 General methods of reduction in metallurgy 7 Refining of impure metals 12 Alloys and 
amalgams 13 Different types of furnaces used in metallurgy 15 Chemical properties of. metals 

in the light of their positions in the electro-chemical series 16 Questions 17 


ALKALI METALS E toe о eee 20—65 
Sodium 23 Occurrence of sodium 23 Extraction of metallic sodium 23 Properties of sodium 
29 Compounds of sodium 31 Potassium 52 Lithium 57 Questions 61 


ALKALINE EARTH METALS AND THEIR COMPOUNDS — 66—88 
Characteristics of alkaline earth metals—Group ПА elements 66 Extraction of calcium 68 
Properties of calcium 71 Uses of calcium 72. Compounds of calcium 72 Beryllium 79 
Extraction of magnesium 80 Properties of magnesium 81 Compounds of magnesium 83 
Questions 86 


ALUMINIUM AND ITS COMPOUNDS vi гав 89—111 
Occurrence of aluminium іп nature 90 Extraction of aluminium from bauxite 91 Properties 

of aluminium 96 Uses of aluminium 99 Compounds of aluminium100 Identification of Al* 
radical or aluminium compounds 105 questions 107 


TIN, LEAD AND THEIR COMPOUNDS eee we 112—132 
Elements of Group IV B 112 Occurrence of tin 114 Extraction of ‘metallic tin 114 Properties 

oftin 115 Uses of tin 117 Compounds of tin 117 Detection of tin 121 Occurrence of lead 122 
Extraction of letul 122 Properties of lead 124 Compounds of lead 125 Detection of lead 131 
Questions 131 


N.B. Topics in italics are not included in W.B.H.S. Syllabi. 
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[iii] 
COPPER, SILVER AND THEIR COMPOUNDS soe .. 133—157 
Occurrence of copper 134 Extraction of metallic copper 135 Properties of copper 140 Uses 
of copper 142 Compounds of copper 143 Occurrence of silver 151 Extraction of silver 151 
Properties of silver 152 Uses of silver 153 Some useful compounds of silver 153 Questions 
154 
ZINC AND ITS COMPOUNDS ^ ... 158—176 
Occurrence of zinc 158 Extraction of metallic zinc 158 Properties of zinc 164 Compounds of 
zinc 167 Questions 173 
MERCURY AND ITS COMPOUNDS obs ... 177—186 
Occurrence of mercury 177 Extraction of mercury 177 Properties of mercury 178 Uses of 
mercury 178 Compounds of mercury 179 Questions 184 
IRON AND ITS COMPOUNDS “г .. ^ 187—220 
The position of iron in the periodic table and the transition elements 187 Occurrence of iron 
in nature 189 Extraction of cast iron 190 Wrought iron 195 Manufacture of steel from cast 
iron 196 Simens-Martin open hearth process 198 Alloy steel 200 Properties of iron 201 
Compounds of iron 205 Questions 216 


ORGANIC COMPOUNDS sas m 1—21 
Introduction 1 Charactertistics of organic compounds—differences between organic and 
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9 Introduction : 


The idea that matter is built up of tiny discrete particles can be traced some 3000 years back 
to the Greek and Indian philosophers. The Greek scholar Democritus, in the fifth century B.C. 
conceived that all matters were ultimately built up of same indivisible units called atoma 
(atoms). Kanad—an Indian philosopher, put forward the idea of Paramanu, which according 
to him was the building block of all material objects. The ideas of these classical thinkers were 
of a vague metaphysical speculation and as such remained in the nascent stage for several 
hundred years until around 1808, it was Sir John Dalton, who first started the ball of atomic 
theory to roll on a scientific path, by putting forward his atomic theory. According to this 
theory, an atom is the smallest, indivisible and indestructible particle of an element that takes 
part in a chemical change. ; 

Though the concept of Dalton's atomic theory could not be experimentally verified in the 
laboratory, yet Dalton is regarded as the founder of atomic theory, because his atomic theory 
interpreted all the chemical reactions in terms of fundamental unit—atoms. It also provided 
explanations for the laws of stoichiometry and thus laid the foundation of further pursuit of 
knowledge for the fundamental particles of matter, which is the ultimate object of our study in 
this chapter. 

In 1816, Prout concluded that the weights of all atoms were the simple multiples of the 
hydrogen atom and proposed that hydrogen is the primal matter of which other elements are 
made. Although this idea of Prout was fundamentally invalid, it predicted about the complex · 
nature of atomic architecture and the existence of some other particles in atoms. 

In 1833 Faraday's laws of electrolysis proved conclusively that matter was electrical in 
nature and electricity contains some discrete particles. Thus, it follows that atoms are no longer 
fundamental building block of matter. New discoveries regarding the atom from the middle of 
nineteenth century led to conclusion that atoms consist of several fundamental particles. 28 of 
such particles have so far been reported. Some of them are stable and some are unstable, while 
others have transitory existence. These fundamental particles are of three types— 

(1) Stable particles— (a) Electron, (b) Proton and (3) Neutron. 

(2) Unstable particles— (a) Positron, (b) Meson, (c) Neutrino and anti-neutrino and 
(d) Anti-proton. 

(3) Composite— (a) Deuteron, (b) Alpha particle etc. 

1.1. Fundamental particles of atom. 

(1) Cathode ray— discovery of electron : 

Around 1879 William Crookes observed that when an electric discharge from high 
potential source is passed through a gas at 0'001mm pressure of Hg in a discharge tube, the glass 
wall opposite to the cathode began to J 
glow witha very faint greenish light. 
This glow or fluorescent is formed 
due to the bombardment on the glass 
by certain rays which are emitted 
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Negative plate 


аі 
from the cathode-surface and move Anode [+ Positive pla 
towards the anode with tremendous : ; 2 
velocity. These rays are called Fig. 1.1 : Production of cathode rays 


cathode rays. Irrespective of the nature of the cathode or residual gas inside the discharge tube, 
the following properties of cathode rays are recorded. 
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(i) They travel in straight lines perpendicular to the cathode-surface. 
(ii) They are deflected from their original straight line path by the application of both 
electric and magnetic fields and the direction of deflection indicates that they consist of 
= negatively charged particles (Fig. 1.2). 
(iii) They cast a sharp shadow when an opaque 


t * object is placed in their path (Fig. 1.3). 
Cathode Positive field Ale (iv) They produce a mechanical motion on 
Fig. 1.2 : Deflection of cathode rays in small and very light paddle wheel when it is placed 
electric field in the path of cathode rays (Fig. 1.4). This confirms the 


presence of material particles in cathode rays. 


N Sharp 


shadow 


Cathode rays 


Fig. 1.3 : Cathode rays cast a sharp shadow Fig. 1-4 : Cathode rays produce mechanical motion 


(v) The rays affect a photographic plate which is used to detect and measure the cathode 

` rays. 

(vi) Metal foils are heated to white hot when bombarded by cathode rays. 

(vii) They emit fluorescentradiation when they are allowed to fall on glass wall coated with 
zinc sulphide or barium platinocyanide. : 

(viii) They can penetrate very thin metal sheet and ionise air or any gas through which they 
pass. 

The properties of cathode rays and their behaviour in electric and magnetic fields, go to 
prove that the cathode rays are made up of fast moving tiny material particles charged with 
negative electricity. These particles are called electrons. 

(a) Ratio of charge to mass (e/m) i.e., specific charge of an electron : It was Sir J. J. 
Thomson (1897) who was able to measure quantitatively the ratio of charge to mass (e/m) of 
an electron. The value of this ratio is 1°75876 x 10% coulomb/gram. This value remains 
constant whatever may be the gas inside the discharge tube and the nature of material used as 
cathode. 

(b) Charge of an electron : R. A. Milliken in 1913 determined the charge of an electron 
by his classical oil drop experiment and found the value to be 176022 х 107? coulomb or 
4'8 x 107e.s.u. 

No fundamental particle is known which contains charge less than this. This is the minimum 
value of negative charge. The quantity of electricity carried by all negatively charged ions is 
multiples of this value. This is why the numerical magnitude of electronic charge represents the 

fundamental unit of electricity. 

The charge on 10 electrons = 10 x 17602 х 107? = 17602 x 1075 coulomb. 

Charge on one mole of electrons = 6 023 x 102 x (1:602 x 1079) 296488 x 10* coulomb. 

(c) Mass of an electron : If e be the charge of an electron and m be the mass, then 
elm = 176 x 10° Clg. 

e 1:602 x 10°C 


2. Mass of an electron m 2 ——— = ———_—— = 9109 x 10728 
em 176x 10° Cig : 
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[This is the rest mass of electron, i.e., the mass it contains when it is moving slowly compared to the velocity 
of light. The mass of an electron is too small. One mole of electron weighs only 5°5 x 10749. So during chemical 
reactions, the loss or gain of few moles of electrons would not change the mass of the substance.] 

(d) Ratio of the mass of an electron and the mass of one atom of hydrogen : One gram 
atom of hydrogen weighs 1008 р. 


17008 
2 The mass of 1 hydrogen atom = = 1'673 x 10:7 
Dorian 6:023 x 105 £ 
Mass of an electron 9109 x 107* 1 


aoan of yedrcucn inode 613l oie KO 


i.e., the mass of an electron is m times that of one atom of hydrogen. In other words the 


mass of one hydrogen atom is 1837 times greater than the mass of one electron. 
The mass of an electron = e = 0:0005487 a.m.u. 


е Electron is a definite and universal constituent of atoms of all elements : 


We have already seen that the discharge tube is the only source ofelectron. But it was further 
observed that electron is also obtained from three other sources. 

(i) When light of suitable wave-length (u. v. light) falls on certain metals namely Cs, K, 
electrons are ejected from the surface of the metal. The ejected electrons are called photo- 
electrons and the phenomenon is known as photo-electric effect. 

(ii) When certain metals e.g., barium, tungsten etc., are heated to incandescent (white hot), 
electrons are ejected from the surface of those metals. This phenomenon is known as thermo 
ionic effect. 

(iii) Some natural radioactive substances emit B-particles spontaneously which are nothing 
but electrons. J. J. Thomson carried out a number of measurements of thé value of e/m on both 
photo-electrons and thermo-electrons and found that in both the cases the value e/m was same 
as obtained from cathode rays. Incidentally the e/m value of B-particles are found to be the same 
as that of electrons from the discharge tube. The numerical magnitude of the charge of an 
electron e.g., 16022 x 107! coulomb was found to be the same irrespective of the nature of the 
cathode and gas inside the discharge tube as well as photo-electrons and thetmo-electrons. Thus 
the constancy in the value of e/m and e of electron irrespective of its source, suggests that 
electrons are universal constituents of all matters. 

(2) Positive ray— discovery of protons : 

An atom is electrically neutral and since it contains negatively charged electrons, it 
must also contain equal number of positively charged particles. In other words the discovery 
of electrons in atom stimulated the search for the discovery of positively charged unit in 
an atom. Cathode rays „— Positive rays 

While carrying out experiments : 
on the conduction of electricity 
through gases at low pressure in a 
discharge tube, Eugene Goldstein 
in 1866 used a perforated metal disc 
as a cathode. He observed that № 
luminous rays were emerged from Cathode 
the back side of the perforations of Fig. 1.5 : Production oł posinve rays б 
the metal cathode disc. The rays were coming trom the anode surface in straight lines opposite 
to that of the cathode rays. These rays were originally called canal rays as they passed through 
the perforations of the cathode. In 1907 these rays were called positive rays by Sir J. J. Thomson. 


+Ve 


Perforated metal disc ` 
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(ix) Because of their uncharged character, neutrons can penetrate nuclei and are responsible 
for the nuclear reactions. 

Some examples of neutron-induced reactions are given below : 

iH! + on! 2 IH? y; 31485 + on! 2 Н? + He’; B! + on! Эз? + ;He* ; 

[Other fundamental particles : In addition to the stable fundamental particles discussed above, there exists 
other unstable particles in the atom. Positron (Anderson, 1932) carries а unit positive charge and has а negligible 
mass equal to that of an electron. Neutrino was discovered by Pauli in 1931. Meson was discovered by Japanese 
scientist Н. Yukawa in 1935. Antiproton was discovered by the scientists at the universities of California and 
Rome. All these particles have undoubtedly of transitory existence and are used to account for different 
mechanisms of nuclear reactions.] 


Name of Mass Nature of | Amount of Presence in | How the particle 
particle O=16 a charge the atom is generated 
(1) Electron 10:000548 ата. —1.602 x 10° Outside the In the discharged 
Symbol-(e) or coulomb nucleus in the | tube 
Notation--,e? | 9.12 x 10” g Negatively or different (cathode ray) 
Discoverer- | =9.12x 10?'kg | charged | -4.8x 10^ orbits 
J.J. Thomson | '/;;th of H atom ези. 
(1897) nl 
(2) Proton | Е + 1.602 x 10°” Positive 
Symbol-(p) 10076 АГУ coulomb Inside the rays from 
Notation-,H' LTS x10" g m or nucleus of an | hydrogen gas 
Discoverer— у ЖЕРШ! 48x10 atom 


a d 
E. Rutherford | "6725 х 10°"kg | charge: 


(1911) 


езш. 


(3) Neutron 1.0089 Inside the | Bombardment of 
Symbol-(n) 1675 р nucleus. of | B, Be, Li etc., by 
Notation-yi! | "0/2 х g Neutral 0 n | an atom alpha particles 
Di or 1.2x 107 

iscoverer— 7 ст 
згснаамак 21:679101 


(1932) 


1.2. Structure of atom. 


Cathode rays and B-rays are emitted from atom, and both are negatively charged particles 
and contain electrons. Again, the alpha rays and positive rays emitted from atoms are nothing 
but positively charged particles and contain protons. 

These phenomena go to prove that atoms must contain both protons and electrons and 
since atom as a whole is electrically neutral, the number of electrons and protons in an atom 
must be same. 

Thus we can conclude that the fundamental particles electron, proton and neutron enter into 
the formation of atomic structure. Again, it is found that when f--rays (electrons) strike а thin 
metal foil, they pass right through the foil but scatter in all directions due to the repulsion of 
B-particles (negatively charged) with the electrons of atoms. This proves the uniform spreading 
of electrons in the atoms. 

(I) Rutherfords experiment— scattering of alpha particles by thin metal foil : 

The first idea of atomic model was proposed by E. Rutherford (1911) which was based 
upon his novel experiment of scattering of alpha particles by thin metal foil. The experimental 
set up is shown in the diagram. 

Radium-C—an alpha emitter was placed in a lead box. A narrow beam of alpha particles 
escaped through a small hole in the lead box and hit a thin metal foil of gold (070004 mm 
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thickness) which was placed in the beam of the a-particles. A fluorescent screen was set up 
around the metal foil. A flash of light was observed when the alpha particles hit the screen after 


penetrating through the thin foil. It was observed that Alpha emitter 

most of the alpha particles passed straight through the in lead box 

foil without any deflection and hit the fluorescent 

screen at А. Very few a-particles suffered minor Fluorescent screen 


deflection and hit at B. Only one in 20000 a-particles 
changed its linear path and was deflected through 90° 
or more at С. Some alpha particles had their path Metal foil 
reversed showing that they were deflected through 
180°. It was as if the a-particle had an head on collision 
with some heavy matter and returned back. 

This experiment was repeated with platinum and 
silver foils of same thickness and every time the same 
observations were made. 


(II). Conclusions from the experiments : А 
In the light of the experimental results Rutherford Fig. 1.6 : Rutherford’s ex ck. of 
came to the following conclusions— E of a-particles by thin meal foil 


(i) Since most of the a-particles pass through the metal foil without any deflection, the 
major part of an atom is empty. 

(ii) Analpha particle is doubly positively charged helium atom (He**) whose mass is 7500 
times greater than that of an electron. Hence it has high kinetic energy. Thus alpha particles 
Electron o-particle deflected having large amount of kinetic energy 

slightly Cam easily sweep the electrons of 
negligible mass present in an atom. 
Consequently the alpha particles can 
not be deflected even through small 
angles by the collision with electrons. 
Only when an alpha particle collides 
with another particle having positive 
charge and mass same as that of it, it 
Fig. 1.7 : Scattering of o-particles suffers a deflection through 180°. Hence 
Rutherford concluded that the mass of the atom is concentrated to a small region which contains 
the whole positive charge of the atom—this is the nucleus of the atom. The large deflection of 
the alpha particle is due to the head on collision of an alpha particle with the massive positively 
charged nucleus which occupies a minute fraction of the total volume of the atom. 


^ particle „Het 


Undeflected 
-particle 


Nucleus 


Flow of 
-particles 


(iii) Since the atom is electrically neutral, the positive charge contained in the nucleus must 
be equal to the negatively charged electrons in the atom. 

(iv) The electrons reside outside the nucleus in different shells. 

(v) The diameter of the atom isabout 107®ст, while thatof the nucleus is 102! ст. It follows 
that the diameter of an atom is about 105 times greater than that of the nucleus. This proves 
conclusively that the major part of the atom is empty. This is the reason why most of the alpha 
particles were found to pass straight through the metal foil without any deflection. 

(III) Rutherford's nuclear model : 


Based on the above classic experiment, Rutherford proposed a nuclear model of atom. 
According to his model, an atom consists of two distinct parts—(i) Nucleus, (ii) Extra nuclear 
part. 
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(i) The nucleus—centre of an atom : 

(a) АП atoms contain a minute but massive positively charged body at its centre called 
nucleus. The diameter of the nucleus is M parts of the diameter of an atom which explains the 
emptiness of an atom. я 

(b) The nucleus contains all the protons of an atom hence the nucleus is always positively 
charged. 

(c) Hydrogen atom consists of one proton and one electron and the mass of many elements 
are the mültiples of the mass of hydrogen atom. Since the mass of an atom is almost due to 
proton, Rutherford concluded that, the entire mass of an atom resides on the nucleus which is 
equal to the total mass of protons. 

(d) The positive charge of the nucleus is due to the presence of protons. The number of 
protons inside the nucleus denotes the atomic number of the element (Moseley 1913 — X-ray 
spectra). 

(e) It is to be noted that when the nuclear model of Rutherford was proposed, neutron was 
not discovered. After the discovery of neutron, it was proposed that the mass of an atom is due 
to the mass of proton and neutron. Neutron is also present inside the nucleus and these two 
particles, protons and neutrons are called nucleons. 

If M be the mass of an atom and the atomic number i.e., the number of proton be Z and the 
number of neutron be N, then mass of an atom = number of protons + number of neutrons. 

or, M=Z+N A N=M-Z 

(ii) Extra nuclear part of an atom : 

(a) Since an atom is neutral it follows that the total positive charge contained in an atom 
is equal to its negative charge, or in other words the total number of protons in the nucleus is 
equal to the total number of electrons outside the nucleus which are present in different orbits. 

(b) Rutherford's atomic model is analogous to that of solar system. Just like the 
planets rotating around the sun, the electrons are rotating around the central part of atom i.e., 

nucleus in different orbits. Major part of the solar system is 
empty. Just like the sun occupies a very small region in the 
vast solar system, so also the nucleus of an atom occupies a 
very small region in atom. Thus a clear picture of atomic 
model, how the electrons and protons are arranged in the 
atom, is obtained from Rutherford's experiment of 
scattering of alpha particles while passing through a thin 
metal foil. The atomic model according to Rutherford is 
shown in Fig. 1.8. 

(c) In order to explain the fact that the negatively charged 
orbital electrons do not fall upon the nucleus which contains 
positively charged protons, as aresult of electrostatic attraction, 
Fig. 1.8 : Rutherford’s atomic model Rutherford proposed that due to rapid rotation of electrons 
around the nucleus, the inward force of electrostatic Г 
attraction was exactly counter-balanced by the outward 
centrifugal force produced by the rapid motion of the 
electrons. 

In the solar system, the different planets rotate around 
the sun in different orbits due to gravitational force, while 
in an atom, according to Rutherford, the rotation of electrons 
around the nucleus is attributed to balance between the 
inward electrostatic force of attraction and outward Fig: 1.9 : The centrifugal force of an 
centrifugal force. electron and the inward electrostatic force 


Electron 


Proton 


- Electrostatic 
attraction 
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e Radius, volume and density of nucleus : 


Е r be the radius of the nucleus and А be the mass number of an atom; then it follows from the 
experiment of scattering of a-particles by Rutherford— г = К А!!З where K is a constant whose average 
value = 1:33 x 10? ст, 


Again the volume V of the nucleus is directly proportional to r?. 
ie, V« n 
У А 
Ve pen because A= p + п 
where p = number of protons and n = number of neutrons, or, ће nuclear volume is proportional to the mass 
number A or the total number of protons and neutrons present in the nucleus. 


An estimate of the radius, volume and density of the nucleus con be evaluated by taking an example of, say 
gallium of mass number 70 and atomic number 31. 


Radius of Ga nucleus = 1°33 x 10? x (70)'/3 = 5°48 x 1073 cm 
Volume of Ga nucleus = 4/3 z = 1/5x 314 x (548 x 103p = 69 х 1077 cm? 


sued s P puse алт 6201020 
Avogadro number 6:023 x 10? 
à : 23 
o pe yop id Mass of single Ga nucleus » 11624 x 107 «1:68 x 104 g/em? 


Volume of single Ga nucleus 69x10" 
The result exhibits how heavy an atomic nucleus is. Not only gallium, the density of all atomic nuclei is of the 
order of 10'4g/cm*. 
Dimensions of the nucleus : A rough estimate of the size of nucleus is obtained as follows— 


Inthe experiment of scattering alpha particles itwas pointed out that 180° deflection of alpha particle resulted 
due to the head on collision between the alpha particle and the nucleus. 


a Nucleus 
یي‎ u وو‎ 
a particle Ze 


|f Zbe the atomic number and e be the charge of an electron, then the charge on the nucleus is Ze. Since an 
alpha particle is doubly positively charged helium atom, its charge is 2e. 


2 Ze 


Now applying Coulomb's law, the repulsive force = 


;. The potential energy of repulsion = J ME : dr 


27е 
Neglecting the sign, the potential energy of repulsion = ——. 


The kinetic energy of a-particle = '/2 mV?. The a-particle approaches the nucleus upto a distance r when 
the particle starts to reverse its direction. At this distance, the kinetic energy of a-partide is equal to the potential 
energy due fo repulsion. This distance i.e., distance of closest approach between the nucleus and the a-particle 


r = Sine 


pv غ2‎ ЛҮ A. 


Tmin mV? 


Velocity (V) of alpha particle = 16 х 10° cm/sec. 
Charge (е) of a proton = 48x 107° e.s.u. 
Mass (m) of alpha particle = 668 х 107249 
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IF the scattering nucleus be copper Z = 29. 
i Ax 29 x (48x 10-2 
mn 68x 107 x (16x 107) 
Since alpha particles can approach up to 107? cm of the nucleus, but still be scattered, it is assumed that the 
nucleus itself is smaller than this value, Other experiments with alpha particles from different sources and lighter 
nuclei (where Z = 10, the distance of closest approach being 3 x 1073 cm) indicates that the nuclear radii are 
in the order of 107? to 10-12 cm. This shows that the positive charge of the atom occupies a tiny sphere of 
approximate radius 10712 to 107? cm. 


1.3. Defects of Rutherford's model of atom. 
There are two objections against Rutherford's atomic model. 


(1) Since the electrons and the nucleus are charged bodies, the analogy between the planets 
rotating around the sun and the electrons moving around the nucleus is not correct. According 
to the classical electro-magnetic theory of Maxwell, any charged particle having acceleration, 

emits radiation and loses energy. If V be the velocity of an 

electron moving in a circle of radius r, it possesses an 

acceleration V ?/r acting towards the nucleus, but it will 

NIB emitradiation during its circular motion around the nucleus, 

Electron because the energy of electro-magnetic field associated 

with the accelerated electron is changing continuously. It 

follows therefore, the electron will gradually lose energy 

Fig. 1.10: The rotating electron gradually andthe radiusofcurvature of its path will steadily decrease, 

loses energy and finally falls on the nucleus its orbit will become smaller and smaller i.e, the electron 

follows a spiral path and finally falls into the nucleus. According to calculation, such a drop of 

electron on the nucleus will take about 103 second only. Consequently such atomic model is 
extremely unstable. 

(2) Secondly, Rutherford's model can not explain the existence of line spectra of atom, 
which according to the quantum theory, should correspond to definite amount of energy. Since 
the electron follows a spiral path, it will cover up innumerable frequencies during its jump 
from one orbit to another orbit by the continuous emission of energy and the resultant spectra 
will be continuous one, covering all frequencies instead of characteristic lines corresponding 
to definite frequency, wave-length and energy. The resulting spectra will be continuous spectra 
or band spectra. Thus if Rutherford's atomic model is accepted, the spectra of an atom will be 
band spectra. But atom never gives band or continuous spectra but it gives discontinuous or line 
or atomic spectra. 

Electro-magnetic radiation—According to J. C. Maxwell, a high frequency alternating current can radiate 
energy in the form of waves which travel in the space with the same velocity as that of ordinary light. Radio waves, 
micro waves, visible light, infra-red spectrum etc. belong to electromagnetic radiation. The energy of each 
radiation is directly proportional to its frequency but inversely proportional to its wave-length. — 

An electro-magnetic radiation is a form of radiant energy which propagates in space in the form of waves. 
Inother words, the ао опса ol ысы окопко elockic and magnotic hald strength 
propagated in vacuum with the speed of light. Since waves can be produced by moving a charged body or a 
magnet to and fro in an oscillating manner, the term ‘electro-magnetic’ was given to these radiations. 


=1`56 х 10? cm, 


ө Properties of waves : X 
(1) Wave length (A) : Itis the distance between the Crest Cest 
two successive crests or troughs of a wave. The wave- 
length is normally expressed in Angstrom (А). In S. 1. \ 
unit it is expressed in nanometer (nm). The symbol of Trough тюш 
wave-length is А. 1 А = 10 ст = 107? m = 0*1 nm. Fig. 1.11 : Wave-length 


(2) Wave number (v) : It is defined as the number of waves per centimeter. Its symbol is v which is reciprocal 


of wave length. Ӯ = !/;. 
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3) F ency [v : It denotes the number of waves issing thi a particular point in 1 second. It i 
Ey second inverse (s^) or Hertz (Hz) and its ecd popen his 
The relation between the wave-length and frequency can be expressed as follows— 
c= v x à where c = velocity of light = 3 x 10° ms? = 3 x 10? cm s* 
(4) Amplitude : Ат ‘tude of a wave indicates the height of a crest or of a trough. The brightness 
"m. vni eon is ed by the amplitude of a a: “ГГ 
All types of electro-magnetic radiations propagate with the same velocity as that of light i.e., 3 x 101° em/ 
sec but Ме wave-length, frequency and energy of these radiations are different. Since a cis constant. 


Wave length (A) = насо 

e Atomic Spectra or Emission spectra : 

When a solid is heated to incandescent (white hot) it emits white light of all wave-lengths. 
If the emitted light is passed through a glass prism, the white light splits up into its component 
colours. This is called continuous S 
spectra. In this spectra one colour 
overlaps the other, there is no sharp 
line of demarcation between the White light 
colours. It is also known as band 
spectra. 

But when crystal of sodium chlo- 
ride or any other salt of sodium is Photographic plate 
held in the bunsen flame, a golden Fig. 1.12 : Bond spectra 
yellow light is emitted. When this yellow light is passed through a prism and is photographed, 

{ two yellow lines separated by a dark 

Flame impregneted space are observed at wave-lengths 
BÉ. es 5890 À and 5896 À. Similarly a salt 


of potassium forms four lines—two 
at red region and other two at violet 
sgogÀ region of the visible range. Such 
spectra are called emission spectra 
5 
Prism 


R, red 
e | overlapping 


ү, violet 


Prism 


890À which are observed at specific wave- 

lengths. These line spectra are pro- 

Photographic plate duced by the atoms of the elements. 

. Hence this spectra is also called line 

Fig. 1.13 : Line spectra spectra or atomic spectra. Line spec- 
tra are the characteristic properties of an element like the finger print of a human being. 

[A spectroscope is an optical instrument which is nothing more than a refinement of a prism and is used for 

separating light into its component colours havi different wave-lenglhs and frequencies.) 


5896A 7669A 4047A 4044A 


—— - +— 4 - 
7500A — 6000À 5890А 4000À 3500À 8004 15654 700A 6000A 5000А 4000A 3500A 
е 


Two yellow lines of sodium Violet 
2 red lines and 2 violet lines of KCI 


А Fig. 1.14: 

e Emission spectra—visible range: — 

Electro-magnetic spectrum : Radio waves, micro waves, X-ray etc., belong to electro- 
magnetic radiation. All the radiations have different wave-lengths, energies and frequencies. 
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These radiations are arranged in a table either in the order of increasing or decreasing of their 
energies or wave-lengths, This arrangement in a table refers broadly to electro-magnetic 
spectrum which is shown in the following table. 


Serial | Electro-magnetic | Wave length (А 
No. radiation ind 
Radio waves 3x 10" to 3 x 10° 1x 105 to 1x 10* 

2 Micro waves 3x 10° to 6 x 105 1 x 10? to 5x 10" 

3 1 Infra red waves 6 x 105 to 7500 5x 10" to 3.9 x 10'4 

4 Visible rays 7500 to 3500 3.9 x 10^ to 8 x 101“ 1.60 x 10? 
3 Ultra violet rays 3500 to 150 8x 10" to 2 x 10" 3.2 x 10° 
6 X-rays 150 to 0.1 2x 10'6 to 3x 10 8.9 x 10? 
7 Үү ‘rays 0.1 to 0.001 3x 10"? to 3x 10” 


Cosmic rays 3 x 102 to infinity 


@ Hydrogen spectra : 

The spectra of hydrogen atom is simple. Much of present day knowledge about the structure 
of atom is based upon the thorough observation of the lines in the hydrogen spectra. In the later 
part of the last century, it was observed that when an electric discharge is passed through pure 
hydrogen gas at very low pressure, a red coloured radiation is emitted which when analysed 
spectroscopically gives rise to series of lines in U.V., I.R, and visible range. One line in the 
visible range (3500—7500 A) was studied by Balmer. The arrangement of production of 
hydrogen spectra in the visible range is schematically shown below : 


# 
Pure H; 
gas ina 
discharge 
tube 
| : Line 
- Slit Prism spectra 


Photographic plate 
Fig. 1.15 : Production of hydrogen spectra 


Balmer observed four prominent lines in the visible range. These were designated by him 
as Ha, Нр, Hy and Hs lines which is shown below : 


Ha Hp H, Hs 
7500 А 6500 А 5000А 4500А 4000À 3500À 
RED BLUE- Bwe VIOLET 
GREEN 


Fig. 1.16 : Positions of the lines in Balmer series 
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Balmer (1885) pointed out that the wave-lengths of these lines were in the order of the 
following ratios : 
Aa Ap ЗАЗА -2 


o. 
wla 
И 
EN 
olo 
u 
ajo 
E 


PE o Mte bu a = 68 
3-2 ' 40-22 ' 52-22 ° 8-2 


т 
orÀ- = where л = 3, 4, 5, 6 fl 
Since wa клу Ez or, V « 1-7; 
ince wave number Y= >, у = 1 


or, у= 2? là = 

ог, v=} = Constant x as -5) = Ry [> - 3] 
where Ry = Rydberg constant whose value is 109, 677 стг!. The above equation is called 
Balmer equation. 

When n = 3, using Balmer equation, the wave-length A becomes 6562`08 А. 

When n = infinity, A becomes Ry (1/2)? = 3670 A. 

This value of wave-length shows that there can be no line of shorter wave-length than 
3670 A in the Balmer series. The agreement between the observed wave-length and those 
evaluated by using Balmer equation, is shown in the following table which goes to prove the 


. correctness of Balmer equation. 
Wave-length (A) in A calculated on: 
the basis of Balmer equation 


6562'08 
4860'80 


434100 
4101°20 
@ Other series of lines in the hydrogen spectrum : 


Balmer's discovery provided impetus to others for the further investigation on hydrogen spectra. In 
consequence of which five other series were discovered after the beginning of the 20th century. 
Spectral series found in atomic hydrogen : 


Visible 
Infra red (near) 
Infra red 
Infra red (far) 
Infra red (far) 


ojoj aj о) м 
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Equations similar to that of Balmer were found to hold for the lines in the other series in hydrogen 
spectrum. 


ANDERS ЕДЕ L|e-22455 
(2) Paschen : 
(3) Bracket: 


(4) Pfund: 


(5) Humphries: vs Ral p= 


ө Ritz combination principle : 
А close examination of the above formulae reveals that the wave number of any spectral line in hydrogen 
spectra can be represented by a general formula : ЕЁ 
Ту-у 
Where x and y are integers for hydrogen atom but аге not necessarily for other atoms. Here the first term x 
is constant for the series but the second term y is variable. This is the basis of Ritz combination principle, which 
states that—the wave number of any line in the hydrogen spectrum of any particular series can be represented 
as a difference of two terms—one of which is constant for the series while the other term varies through out 
the series and greater than the first term by at least 1. 
The spectra of ionised gaseous atoms such as He’, Ш and Be'** are similar to that of hydrogen. These are 
called hydrogenic character. The spectra of other elements are very complicated. 


€ Planck's Quantum theory : 

Since ordinary bodies are imperfect absorber of a radiation, whenever any radiation strikes 
any surface of a body, part of the radiant energy is reflected, part of it is absorbed and the rest 
is transmitted. In contrast, a black body i.e., a hollow sphere, blackened inside, having a small 
aperture is a perfect absorber of energy. When radiation enters through the small aperture of 
this body, it is reflected repeatedly from the inner wall of the black body and as a result the 
energy is completely absorbed. 

It is observed that when the black body emits radiation, its energy is not uniform but has a 
maximum value of a definite wave-length. Moreover the total energy E radiated by the black 
body per unit area and time varies as the fourth power of the temperature T in absolute scale 
(Stefan-Boltzmann fourth power law) i.e., E = cT*. 

Attempts to account for these facts on the basis of Classical concepts of continuous emission 
of radiation were not completely satisfactory at all wave-lengths and temperatures, The failure 
of this classical idea of continuous emission of radiation led Max Planck (1900) to introduce 
the concept of Quantum theory of radiation. The essential ideas of quantum theory are as 
follows— 

(i) All radiant energy must be absorbed or emitted by a body in the form of packets of energy 
known as quanta. Each energy packet is a quantum of energy. The radiation associated with 
one quantum of energy (hv) is called photon. Photons of high frequency radiation have high 
energy, whereas photons of low frequency radiation have lower energy. 

(ii) The energy of radiation is directly proportional to its frequency, iej 

Есу ог, E=hv 


h = planck's constant. The value-of-h is 66256 х 107 erg-second = 66256 х 107 
Joule-second. ч ў 
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(iii) Any body can emit or absorb energy in one packet i.e., one quantum or two 
packets i.e., two quanta and so on, in whole number multiples of quantum. E = n h v, where 
n = 1,2,3etc., but never fraction. This means that the energy of a body can increase or decrease 


byl ASE nran n quanta but never by fractions of quanta. 
hc 
E=khy о, Е a3 pues 
А д 


where с = velocity of light, A = its wave-length and v = frequency. 

The higher the frequency or lower the wave-length of radiation, the higher is the energy of 
radiation. 

Planck's quantum theory establishes corpuscular character of light and is able to explain 
black body radiation, photo electric effect, compton effect and the related phenomena. 


1.4. Bohr's Atomic Model. 

Rutherford's atomic model could not explain the emission of electro-magnetic radiation and 
so it could not explain the existence of spectral lines even for the simplest atom i.e., hydrogen 
spectrum. In order to overcome the difficulties encountered in Rutherford's atomic model, 
N. Bohr (1913) made the following revolutionary postulates : 

(i) Concept of stationary state : The electrons always move in certain selected orbits 
which have specific energies. So long as an electron does so, there is ло absorption or emission 
of-energy during its motion around the nucleus. In other words, it was postulated that, an 
electron has acceleration, yet does not radiate energy—a contradiction of the classical electro- 
magnetic theory. These orbits are called stationary states or energy levels of the electrons of 
an atom. Each of these stationary states has a definite, fixed energy. 

(ii) Quantisation of the angular momentum : According to the second postulate, the 
motion of the electrons is so restricted that they can occupy only that orbit or energy level in 
which the angular momentum of the electron is an integral multiple of h/2n, where В = the 
Planck's constant. 

The second postulate may be regarded as the qualifications of the selected orbits. Thus if 
m be the mass, V = the velocity of an electron and г be the radius of the orbit in which it is 
moving, then rhe angular momentum of the electron is mVr. 

Hence mVr = nh/2r. 

Where n is an integer, called quantum number of a particular energy level. 

From the above relation it follows that r e т or as 7 increases r also increases. Thus the 
quantum number gives an idea about the distance of the orbits from the nucleus. For the first 
orbit п = 1, for the second orbit n = 2 and so on. The orbit or energy level nearer to the nucleus 


has i 
has lower energy while that of the wed ля=3 nad ^ ga wale 


farthest from the nucleus has the i i 

maximum energy. When the SS \ у 

electron is in the lowest energy \ a = 

level, it is said to be in the ground à 1Ву absorbing energy the electron moves from one 

$ i 2 !епегру level to the highest «1 1 e 

state. This state is the most stable. x cleus ү EY ; g XE | | 

state of an atom. n prc Кайди: 1 YY 
Gii) Interpretation of A / ; i 

spectra : The third postulate of 

Bohris that, if energy is available, Fig. 1.17: 


the electron will absorb energies in quanta and move to the higher energy level. Thus by 
absorbing one particular quantum of energy, the electron moves from energy level 1 to 2 while 


СН-Ш2 
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Equation (у) further reveals that E, œ 1/m, Since all other terms are constants. It indicates 
that energies of various levels will decrease according to the square of n. Thus for n = 2, ће 
energy will be 1/4-th of that for ground state ie., п = 1. Similarly for n = 3 the energy will be 
1/g-th of the first. It follows therefore, the energy of the electron does not change continuously 
but involves abrupt changes in energy on passing from one level to the other. 

Now substituting the values of constants, 

m=3'1416, e-48x 10" esu, m-9109x 107% р, h-66256x 107 erg-sec 
the eqn. (v) for hydrogen, (when Z = 1) becomes 

2 12 . 19 
gaal D 107 21 ET 109. BAD 


erg/atom — 


E 19 
„АЕ t4 98x tg? kcal/mole 
aus kcal/mole. 1 Joule = 14°389x 109 k cal 


When the electron is closest to the nucleus (n = 1) its energy 
E, =- 2174 x 107 Joule/atom 
When the electron is in the second orbit (n = 2) its energy 


P 19 
E= 21740 Joule/atom = — 5:43 x 107'* Joule/atom 
(2) Radiant energy and wave-length : 


The energies of the three lowest levels in the Bohr model of hydrogen is shown below— 
when an electron jumps from an outer orbit m to an inner orbit m, the energy radiated is 


given by á 
-0242 x 10) Em- En? Zen Е: = Hl 
-0'54 x 1097 Т = 
Again Em- EnF AE=hcV 
-218x 107] 27204 
2 hev = [xa E - al 
h? n n 
_ 227em [1 1 
ог, = ы شاا‎ 
if ch? | n? nj | 
n=l п=2 п=3 У 2,4 
gia ПАТИНА Putting R for = cm we get, 
Fig. 1.19 ch 
V = RZ jor s] woe (vi) where R is Rydberg constant. 
Again V = Т ог, + = RZ? С: = | bsc cpm (vii) 


The wave-length (A) of the radiant energy can be calculated from eqn. (vii), 
(3) Radius of Bohr orbit : 


2 2 
From eqn. (ii) we get, = = ДА о, r= 25 — (viii) 
" nh nh 
Again mVr = On о, V= OT 
Substituting the value of Vin eqn. (viii) we get, r = wh (ix) 


"aPzem nnnm 
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For the first Bohr orbit when л = 1 and Z= 1, 

radius г = 0°53 x 10* cm. 

Radius of the n-th orbit = 5/3 x 10? x n? cm = 53 x 10" x п? metre. 

(4) Frequency of emitted radiation : 

The difference in energy En, — En, is emitted in the form of spectral line of frequency v. 


2! 
Thus,  E,-E, = hy = Zem 1 1] 


niz Р? Г ч п? 
ог, = Zem [1 1 
h? = n 


Substituting the values of 7, e, m and h we get, v =3` 2816 x 1055 + E 2] cycles/sec 
ny 
(5) Velocity of the electron in the n-th orbit : 


n nh 
=— EV 3 ! 

From the second postulate of Bohr, we get, mVr 2л ог, oar 
Again, r= wh , putting the value of r in the above expression; 

41?Ze*m 

nZe 2nZe 
y= mh „ 4mZém _ ZÊ Thus velocity, У = i 
2nm wh? nh nh 


Velocity of electron in the first orbit (л = 1): 
v= 2122 _2х314х(48х 10-0 
ы дд 6`625 x 1077 
Velocity of electron in the second orbit (n — 2): 
2rZe 2х3`14х (4:8 х 107%) 


= хн ^ 2x662x107 


or v= VW Cen WV 212 


= 2:184 x 10% cm sec”. 


1:092 x 108 cm sec. 


Therefore, the velocity of electron in the Ist Bohr orbit is double the velocity of the electron 
in the second Bohr orbit. 

© Unit and dimension of Rydberge constant (R), radius of Bohr orbit (r) and velocity of 
the electron in the Bohr orbit (v). 

(1) Unit and dimension of Rydberg constant R. 


Rydberg constant R is given by the expression R = , putting Z= 1 


Zem 
Tory 
21?em 


Р Now unit of e = e.s.u, т= 9, c= ст sec" and h=erg-sec. 
с 


(е.ъ.у.)*х g 
ст sec! x (erg-sec? 
Now since force = &/r?, 
(e.s.u.)? = force x r? = dyne x em? and ae 
dyne? x ст“ x g g ЯДЫ з 
ме sec! x dyne? xem x sefî, ^ E *~gxemx sec? xsec? ст aH 


= puting he constant values. кк, ‚ә. MBRAB 
GET 


das 


Ё = 


мые» Be 


22 ELEMENTS OF CHEMISTRY 


2 х (3°14)? х (4'8 x 1070) x 9*1 x 10728 
(6625 х 107 x 3 x 1010 
(2) Unit and dimension of radius of the Bohr orbit ris given by the expression. 


We get R = = 109700 cm” 


п? 3 mh? 
Oi aoa putingz=1, r= Tem 
_ _erg-sec}? 
~ gx (e.s.u.)? 
As shown previously, (e.s.u.) = дупе x cm? and erg = dyne х cm. 
na (дупе x ст x sec}? E dyne x sec? ~ gx cm x sec? x sec? Sate 
^o gxdyne xem? — CE Жу 9 1 
Hence the radius is expressed in cm. ы 
(3) The velocity of he electron is expressed аз V = 2922 


p id 
le.s.o.) M dyne x cm 280 pasas 
ergssec dyne x cm x sec sec 


Hence the unit of V is cm sec". 


€ Origin of spectral lines : 

According to Bohr's theory, the energy levels of hydrogen atom consists of a series of circular orbits and the 
spectral lines are produced when electron jumps from one orbit to another orbit either by emission or by absorption 
of energy. 

Emission spectra are formed when electron jumps from higher energy orbit (nz) to lower energy orbit (n;], 
while absorption spectra are formed when electron jumps from lower energy orbit (nj) to higher energy orbit (nz). 
In either case, the difference of energy is a function of frequency of the radiation. 

AE = hv 

As mentioned earlier, the-spectral lines are formed by the radiation of photons. The position of the line on the 
spectral scale is determined by the frequency or wave-length of the emitted photons. 

We know thatthe lines in the Lyman series are formed in the ultra violet region when electron drops from higher 
quantum shells (п = 2, 3, 4, 5, 6 etc.,) to the ground state i.e., innermost quantum shell n = 1. 


Bohr's formula (eqn.-vi) is ¥= Rz* [+ d +] 
m m 


where n; = 1 and п;= 3, 4, 5, 6, 7 etc., for Lyman series. 

Similarly the shifts of electrons from quantum level n; = 3, 4, 5, 6, 7 etc., to the inner level f, « 2 result in the 
formation of lines in the Balmer series in the visible region. 

Similar shifts of electrons from higher quantum level n; = 4, 5, 6, 7 etc., to the inner level n; = 3 give paschen 
series in the infrared region. К 

1 For Bracket, p fund and Humphries series, the ground states are n, = 4, 5 and 6 respectevely in the infrared 
région. | 
-The feq wave-length, wave number and energy of each line in each series can be determined 
by the applicatiod'of equation no [vi] as deduced by N. Bohr on the basis of theoretical calculations involving 
hís.classical model of the hydrogen atom. A sketch showing the transition which produce these spectral lines are 
‘given inthe Fig. 1.20. 

1.5. Success or applications of Bohr's model. 

(i) Bohr's atomic model is much better than that of Rutherford's model as it has rectified 
all the defects of Rutherford's model. Moreover Bohr's model is important as it introduces the 
iceaof quantisedenergy states for electrons inatom which has been incorporated into the recent 
model of atom. уже 
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(ii) Bohr's atomic model has successfully explained the occurrence. of the lines of 
hydrogen spectra as well as their frequencies, wave-lengths and multiplicities i.e., number of 
lines in a series. 

(iii) The radius, angular velocity 
and the energy of the electron in any 
stationary state can be quantitatively 
evaluated with the help of Bohr's 
atomic model. 

(iv) Bohr's model can accu- 
rately calculate the numerical value 
of Rydberg constant (R) of not 
only hydrogen atom but also of He", 
Li'* and Be*** ions (Hydrogen like 
system). 

(v) The idea of ionisation poten- 
tial and resonance” potential is a 
direct consequence of Bohr's 
atomic concept of discrete energy 
levels. 

[Jonisation potential or energy refers 
to the minimum energy required to remove 
ап electron from the outermost energy level 
of an atom, to form a unipositive calion— Fig. 1.20 : Bohr's explanation for the origin of different spectral 
the atom and the cation must be in the lines of atomic hydrogen due to the jump of electron from higher 
gaseous state. energy state to various lower energy states 

Alg) + LP ә Agee 
isolated atom required cation in 


Lyman series 


Balmer 
series 


n-lnzlnzà nz4 nz5 6 


Paschen 
Nucleus series 


Bracket serie 


Pfund series 


in gaseous energy i.e., gaseous 
state ionisation state 
potential 


Resonance potential is defined as the energy required fo raise an electron from its lowest energy level to any 
other higher energy level in gaseous state. Some authors coll it as promotion energy.] 
1.6. Limitations of Bohr's atomic model. 

Although Bohr's atomic model was successful in accounting the salient features of the 
spectra of hydrogenic system i.e., system with one electron, it is not free from limitations. 

(i) The atgmic model fails to predict the energy states of complicated atoms. Equation (v) 
which expresses the energy of an electron in any orbit, is not applicable even to two electronic 
system not to speak of multi-electronic atom. 

Thus; when ionisation potential of any atom other than hydrogen, is calculated by using the 


equation, ig олет E ы 4] 
гул IU 
it does not tally at all with the experimental results. . 


(ii) Bohr's atomic model predicts that in hydrogen spectra a series of lines exists. However, 
as spectrograph of high resolving power was developed, it was realised that what had been 
thought to be a single line, it actually consisted of two or more lines very close together. This 
is known as fine spectrum. 

Later on. Sommerfeld concluded that this could not be explained by Bohr's model. 
There must be small groups of energy level lying close to each other which requires the 
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concept of a second quantum number other than the principal quantum number (л), proposed 
by Bohr. 

(iii) Bohr's atomic model is unable to explain both Zeeman effect and Stark effect. 

(iv) According to Heisenberg's uncertainty principle, it is not possible to determine 
simultaneously the exact position and velocity of an electron and hence the concept of fixed, 
electron orbit around the nucleus requires further modification. Therefore, what Bohr's atomic 
model gains in pictorial value for the electron jumping from one orbit to another by the 
absorption or emission of energy, the model loses exactness. 

(v) Bohr's atomic model is two dimensional while an atom is actually a three dimensional 
one. 

[Bohr's model of atom has been abandoned in recent years with the development of wave mechanics, where 
instead of orbit i.e., the path of electron around the nucleus, the concept of orbital is accepted. 

An orbital is defined as the region or volume of space around the nucleus of an atom where the probability 
of finding the electron charge cloud is maximum. 

Thus the atomic model according to wave mechanics is a mathematical speculation instead of well defined 

pictorial representation. ] Y 
@ Hydrogen atom contains only one electron, but it forms a series of lines in its atomic 
spectra— Explain why ? 
A knowledge of the mechanism of lines in the atomic spectra of hydrogen atom clearly indicates why a series 
of lines instead of one, is produced when hydrogen spectra is subjected to analysis. When the electron revolves 
in the firstorbit (n= 1) of 
n=8 hydrogen atom, the 


energy of the electron is 

i minimum. Nowon being 
n=l к excited either Ьу hea- 
ting or by an electric dis- 

n=6 charge, the electrons 
revolving in the first 

n= 5| orbit (n = 1) in different 
hydrogen atoms are 

not equally promoted 

n-4r to the same principal 


quantum level but are 


n=3 distributed over a num- 
ber of energy levels 
nee (n= 2, 3, 4, 5, 6,7, 8). 


Now, when the source 
of energy is cut off, the 
n=1 electrons return to the 
Lyman Balmer Paschan Bracket Pfund ground state (n= 1) with 
А : Ње emission of energy 
Fig. 1.21: os radiations. These 
emitted radiations are recorded as lines on the photographic plate of the spectrometer. Thus in the Lyman series 
a number of lines appear. 
When the electrons return from higher energy orbits (n= 3, 4, 5, б...... )ю the second orbit (n =2] the energy 
is emitted as radiations and lines appear in the Balmer series of the spectrum. 
It should be noted that hydrogen gas consists of several thousands of hydrogen atoms and they оге 
fe c excited by the application of energy causing the formation of different spectral series of atomic 
rogen. 
ө Difference between Rutherford's atomic model and Bohr's atomic model. 


Both Rutherford and Bohr's atomic model is based upon classical mechanics and both 
emphasize the circular motion of electrons around nucleus in an atom. Yet Bohr's model is 
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much more successful and acceptable than the former. The differences between these two 
atomic models are given in the following table : 


Rutherford's atomic model 


4 


Bohr's atomic model E 


1. According to this concept, electrons rotate 
around the nucleus in all orbits, The number of orbits 
and the distance of the different orbits from the 
nucleus were not categorically explained. 

2. During the rotation of the electron around the 
nucleus, the electron will emit radiation, the energy of 
the electromagnetic field changes, attraction of the 
electron towards nucleusincreases, the electron follows 
aspiral path and ultimately falls upon the nucleus and 
as a result an atom becomes unstable. 

3. Due to the spiral motion of the electron, this 
model predicts the appearance of band spectra or 
continuous spectra which, however, is never formed 
in any atom. 


4. Rutherford’s atomic model is unable to explain 
the complete spectral picture of hydrogen atom. 


1. According to this concept, electrons always 
rotate around the nucleus in selected orbits (stationary 
states) with particular radii. 


2. According to Bohr's theory there will be no 
emission or absorption of radiation when the electron 
rotates around the nucleus in selected orbits. Hence 
the theory accounts for the stability of the atom. 


3. Bohr’s atomic model, on the other hand, 
explains the appearance of line spectra or atomic 
spectra when electron jumps from one orbittoanother 
orbit by the absorption or emission of energy. 


4. Bohr's atomic model is able to explain and 
even predict all the spectral lines of hydrogen atom 
from v.v range to |.R. range. j 


1.7. Distribution and arrangement of extra nuclear electrons in different 


shells and subshells. 


The total number of protons in the nucleus of an atom is equal to the number of electrons 


outside the nucleus. Hence, 


an atom is electrically neutral. Now, 


in order to know the 


distribution and arrangement of electrons in different shells and subshells of an atom, a 
thorough knowledge of the following factors is very essential. These factors govern the 


assignment of electrons to different orbits an 


(i) Quantum numbers, (ii) (n + 1) rule, 
principle апі (у) Hund's multiplicity rule. 


d orbitals of an atom. The factors are— 
(iii) Aufbau principle, (iv) Pauli's exclusion 


(1) Quantum numbers : The concept of quantum number was first introduced by Bohr, 
where it was postulated that while an electron moves in a circular orbit, its angular momentum 
becomes an integral multiple of A /2т i.e., angular momentum mVr = n x h /2n, where n = 
principal quantum number which indicates the energy state of an electron. But the existence of 
fine structure of spectral linesas revealed by spectroscope of hi ghresolving power suggests that 
each principal quantum number (л) consists of series of sublevels each having its own quantum 
numbers but differing slightly in the total energy from each other. Hence is the necessity of a 


second quantum number. 


Normally the term 'quantum number" is used to indicate the various energy levels or orbits 


of an atom. They also denote the region of space or orbitals where the electron is likely to be 


found. Each electron in an atom is confined to its own orbital. 

Bohr's model predicts only one quantum number (п), but the quantum mechanical model 
of atom introduces three more quantum numbers. As a matter of fact, in order to have à 
complete knowledge of the energy states of electrons in an atom, four quantum numbers are 
required. A point in three dimensional geometry is indicated by 3 co-ordinates (x, у, 2), so also 
an electron is specified by four quantum numbers. The size of an electron orbit, the shape of 
the orbit, orientation of orbitals in the magnetic field and the spin of electrons about its own 
axis—are all characterised by a thorough knowledge of the four quantum numbers. 
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[A] The principal quantum number (п): The concept of the principal quantum number 
(n) had its origin in Bohr's atomic model which predicts that the angular momentum of any 
electron in a circular orbit is an integral multiple of 5 /2n. 

mVr=nxh/2n, where n is an integer 1, 2,3 etc. Since m, Vand hare constants, ro n. Thus 
as n increases, r, the radius of electron orbit also increases. 

(i) Thus n indicates the size of the electron orbit. It also indicates the distance of the 
electronic orbit from the nucleus. 

For the first energy level п = 1, for the second energy level n = 2 and so on. Thus an electron 
with lower value of n is nearer to the nucleus as compared to the electron with larger value of 
n. Electron in the orbit п = 1 is closest to the nucleus hence most firmly bound than electrons 
in the orbits n=2, 3, 4 etc. Again two electrons in an atom having different values of principal 
quantum number are differently bounded to the nucleus. Hence higher energy will be required 
to dislodge an electron with n = 1 than that of an electron with л value more than 1. 

(ii) The principal quantum number determines the energy of the electron. It also indicates 
how the prabability of finding the electron varies with the distance from the nucleus. 

The energy states corresponding to different principal quantum numbers are denoted by 
letters K, L, M, N etc. These are also known as energy shells. Thus 


К shell is the innermost shell and represents the lowest energy state. 


(iii) The principal quantum number also determines the maximum number of electrons 
which a shell canaccomodate. An energy shell can not have more than 2n’ electrons in it. Thus. 


(iv) Principal quantum number also denotes the maj 
particular electron. 

[B] Azimuthal quantum number (I) : 

Bohr's atomic model predicts that in hydrogen spectra there exists a series of lines. 
However, as spectrograph of high resolving power was developed, it was realised that what 
had been thought to be a single line, it actually consisted of two or more lines very close 
together. This is known as fine spectrum. Later on Sommerfeld concluded that this could not 

Electron be explained with the help of principal quantum : 
" number (п) which is the characteristics of circular 
orbit. Hence Sommerfeld proposed the idea of a new 
esc] quantum number, called azimuthal quantum number 
(1) which is also known as orbital quantum number 
orangular quantum number. 


Sommerfeld proposed that an electron always 
moves in an elliptical orbit with different ellipticity in 
addition to the circular orbits. An electron has two 

Fig. 1.22: degrees of freedom in an elliptical path—radial angle 
and radial distance, both of which are variables. The position of an electron in an ellipticalorbit 
is determined by both these two variables. In circle, radial angle changes but radial distance 
remains constant. i 


ог axis of the circular orbit of the 
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In the Fig. 1.22 is the radial angle and r = the radial distance. The nucleus of the atom 
is situated at one of the two focii of the ellipse. The motion of an electron in an elliptical orbit 
is controlled by two quantum numbers— 

(a) radial quantum number (n,), (б) Azimuthal quantum number (k). 

Their relation with the principal quantum number (n) is expressed as, n = (ny + K) 
nib Length of the major axis 
k — Length of the minor axis 

When n=ki.e., length of major axis = length of minor axis, it becomes a circle. Thus circle 
is a special case of ellipse where radial distance remains fixed but radial angle changes. The 
Azimuthal quantum number has been replaced by the symbol (/). Lis defined as | 2 k - 1. It 
denotes the energy associated with the angular momentum of the electron. It is also quantized 


and is indicated by 
r i h 
m Nia» 


(i) Azimuthal quantum number (I) describes the ellipticity of the path of an electron. Thus 
1 denotes the shape of the electron orbit. 4f 


Again, 


(ii) The values of / depends upon the 
values of n. It may have the minimum value 4 
= 0 and maximum value = (n = 1). Thus when DI 
n = 4, Lean have values of 0, 1, 2 and 3. These 
values indicate the sub-shell or sub-energy a NE 
levels or sub-orbits. а 

(iii) The Fig. 1.23 shows the four possible 1—7 
orbits corresponding to ће principal quantum 
number (л). Fig. 1.23 : Electron orbits for n = 4 

(iv) The fine spectrum of the atomic spectra can be explained by assuming several 
transitions between several sublevels, each characterised by different values of butsame value 
of n. As already mentioned, the values ofl vary from = 010 L5 (n — 1). 

(a) Thus when т = 1 only one value of 1 is possible, that is / = 0. 

Electron having | = 0, occupies the most elliptical sub-level known as orbit. 

(b) When n 22,1 2 0 and 1 i.e. there are two values of l. When L= 1, it is called p orbit 
which is more circular than s orbit.. ө 

(c) When =3,!=0,1 and 2. i.e., Г has three values. When 1=2 itis called d orbit. 

(d) When л = 4, the values of 1 0, 1, 2 and 3. Thus when I = 3, it is called f orbit which 
is most circular and least elliptical, Different values of l and orbit type corresponding to п are 
shown below : 


Sub shells 

and orbit type > 

These letters s, p, d, f are spectroscopic letters, з = sharp, p = principal, d = diffuse, f= fundamental. 

(v) When an electron travels in s orbit it approaches the nucleus more closely than the 
electron in p, d and forbits. Hence the electron in s orbit is most, firmly bound. Again s electron 
can penetrate more towards the nucleus than the electrons of other orbits. Thus the degree of 
penetration of electrons in a given principal quantum number decreases in the order— 

s»p»d»f 
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[C] Magnetic quantum number (m) : 

The third quantum number is called magnetic quantum number (m) which indicates 
orientation of electronic orbit in space under the influence of magnetic field. As a matter 
of fact, the idea of orbital first came from the concept of magnetic quantum number. 
German physicist Zeeman (1896) observed that when a source emitting spectral line is placed 
in a strong magnetic field, it splits up into several lines each indicating different energy 
level. We know that when a charged body moves around another charged body, a magnetic 
field is produced. Since atoms consist of electrons which are negatively charged particles 
moving around the positively charged nucleus, a magnetic field is produced in the atom. 
Each electron behaves like a micro magnet and orbits are responsible to magnetic moment— 
however small it might be. In order to explain this 
Zeeman effect, introduction of magnetic quantum 
number (т) is necessary which allows the electrons 
to occupy specific energy level in a magnetic field. 


FH “ТЕЕ Mathematically this quantum number is defined as. 
Total angular momentum = aS 


Fig. 1.24 : Splitting of spectral lines in a The value of m depends upon the value of /. It 

magnetic field, (Zeeman effect) may have integral value —/ to + l including 0, so that 

there are (21 + 1) values of m for each / value. Thus for р orbit when / = 1, there can be three 

values which are — 1, 0, + 1. This indicates that there can be three p orbitals which are known 
аз ру, Py and p,. 


Similarly ford orbit for which 1 — 2, there can be 5 values of m which are -2, -1,0, +1, +2 
consequently d orbit contains 5 orbitals. 


-3, 2, -1,0, +1, +2, +3 


Thus we can conclude that, magnetic quantum number describes, the number of orbitals 
of a given kind in each principal quantum level. 


Number of orbitals 
One s orbital (spherically symmetrical) 
Three p orbitals (Dumble shaped) 
Five d orbitals (double dumble shaped ) 
Seven f orbitals 


From the above discussion we may conclude that the number of possible orientations of 
electron orbit and hence the number of orbitals in different sub-shells are as follows : 


Orbitals 
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The number of electrons in the principal level, the values of п and 1 arê shown in the 
following table. 


No. of electron 
in the subshell 


Principal 
quantum 
number (n) 


2(2х0+1)=2 
22х1+1)=6 


2(2х0+1)=2 
м п= 2(2х1+1)=6 
2(2х2+1)=10 


18 


2(2х0+ 1)=2 
2(2х1+1)=6 
22x2+1)=10 
2(2х3+1)=14 


N n=4 


[D] Spin quantum number (S ) : The spin quantum number (S) indicates the fourth degree 
of freedom of electron and is used to explain the fine spectrum of spectral lines. While moving 
around the nucleus in an orbit, the electron always spins about its own axis either clockwise or 
anti-clockwise. Each type ofspincan give rise to characteristic spectral lines with the formation 
of fine spectrum of the spectral series. This spin quantum number (S) takes care of the spinning 


of the electrons. س‎ 
Mathematically this quantum number сап be defined as, т Vr= ا‎ 


There are two values given to 5, for clockwise movement + VJ; or t and for anticlockwise 
movement — 1/2 or J so that it can have two values, either + zor- 1/2. 


The idea of electron spin in two directions called parallel and anti-parallel according as they 
spin either clockwise (T) or anticlockwise (1) direction, is a great importance in explaining the 
nature of covalent bond. 

An orbital is defined as the space which can maximum contain two electrons with opposite 
spin i.e., one electron has S=+ and the other has S=- \/,. This is denoted by arrows pointing 
up and down i.e., T and 1. 


e Values and significance of four quantum numbers : 


@ Te 
| 1 


Oto (n- 1). 


Significance 


Indicates — 
Energy, distance of the electron 
from the nucleus and the size of he 
electron orbit. 

indicates the shape of electron 
orbit, namely circular or 
elliptical with different 
ellipticity 
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(iii) the maximum number of electrons in a subshell e.g., s, p, d, f is equal to 2 (21 + 1). 
Thus in case of s subshell, | = 0, so й can accomodate maximum 2(2 x 0 + 1) = 2 electrons. 
p subshell (1 = 1) can accomodate maximum 2 (2 x 1 + 1) = 6 electrons and d subshell can 
accomodate maximum 10 electrons and so on; j 

(iv) ifthe lower energy obital is not fully filled by electrons, the next higher energy orbital 
will not be filled. : 

Therefore, in order to understand the 
electronic configuation of an atom, the relative 
energies of the various orbitals must be known 
as given here in Fig. 1.25. In this figure all the 
5 orbitals are listed in the first column, all p 
orbitals in the second column, all possible d 
orbitals in the third column are shown. Now a 
series of arrows are drawn from the upper right 
to the lower left as shown in the figure and this 
gives the energies of various orbitals in 
increasing order. 

According to this diagram, electrons will go 
to the lowest energy subshell 15 first. When the 
lower energy level 15 is filled completely, the 
electrons will then go to (ће next higher sub 
shell. Thus, the first and 2nd electrons will go 
to 15 subshell. The 3rd and 4th electrons will 
occupy 2s subshell. The 5th, 6th, 7th, 8th, 9th 
and 10th electrons will go to 2p subshell. 


Then the 1 Ithand 12thelectrons will occupy 
the 3s subshell. The 13th, 14th, 15th, 16th, 17th 
and 18th electrons will occupy 3p subshell. 

Fig. 1.25 : Filling of electrons in various orbitals Then the 19th and 20th electrons will go to 4s 

according to (n + /) rules. subshell and so on. 

An exception occurs in the above sequence, when a single 5d electron is added before any 
4f subshell is occupied. The remaining 9 electrons of 5d subshell will enter Sd subshell, after 
the 4f subshell is completely filled with 14 electrons. It has been observed that upto atomic 
number 56, the electronic configuration of atom can be written with the help of energy diagram 
(Fig. 1.25), but discrepancy is observed when 4 f shell comes in. Hence the correct variation 
of the energies of atomic orbitals with increasing atomic number in neutral atoms is given in 
the Fig, 1.26. 1 


The diagram clearly shows the variation of n with Land m for differerit atoms specially with 
higher atomic numbers. However for lighter elements and even upto atomic number 56, this one 
is coinciding with the energy diagram no. 1.25. Thus for heavy elements this energy diagram 
is to the consulted in order to write their electronic configurations. 


(4) Pauli’s exclusion principle : Another principle which controls the distribution of 
electrons in various energy levels, was enunciated by W. Pauli (1925) on the basis of certain 
spectroscopic evidence. This is known as Pauli’s exclusion principle which states that, notwo 
electrons in an atom can have the four identical quantum numbers. 

It follows therefore, that two electrons in an atom can have the same principle quantum 
number, same azimuthal quantum number and same magnetic quantum number, but their 
spin quantum numbers will be different. If one of the electrons has spin quantum number value , 
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41/2, the other one must be —1/2. Thus two electrons in helium He (At. No. = 2) having 
electronic configuration 15? have the following values of quantum numbers п = 1,120, mz0 
but one electron has spin quantum number 5 — +1/2 and the other has 5 = —1/2. 


Principal quantum number 


T 25 50 56 
Atomic number 


75 100 


Fig. 1.26 : The variation of ће energies of atomic orbitals with increasing atomic number in 
neutral atoms (energies not strictly to scale) 

Pauli’s exclusion principle is purely empirical but its validity is universal, even in the case 
of elements to be discovered in future. 

Two electrons with different values of spin quantum numbers constitute an orbital and 
are referred to as paired electrons, some time known as lone pair or unshared pair of 
electrons. The total number of electrons in a principal shell or subshells can be calculated on 
the basis of this principle. Thus the first shell (n = 1) can contain maximum 2 electrons. Second 
shell (n 22) 8 electrons, the 3rd shell (n = 3) 18 electrons and the 4th shell (n= 4) сап maximum 
contain 32 eléctrons i.e., the maximum number of electrons which can be accomodated in 
n-th shell is 272, where n is the shell number. 

° Another method to find out the total number of electron in a shell. 

Pauli’s exclusion principle can be sucessfully applied to find out the tolol number of electrons in a shell. We 


Fe endis exclusion elo GI he ota value of m = (21 + 1) and for each vale of m, here ore two volu 
of Si.e., + 1/2 and - 1/2. Hence the total number of electrons will be 2 (2 x 1 + 1). Again for each value of n 


the maximum and minimum value of 1 will be (n — 1) and 0. Hence, 
CH-IU/3 
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1= nl 
The total number of electrons їп a shell = У, 2(2/+1) 
1=0 
iege 
For К shell, (n = 1) total no. of electrons = У, 2(2/+1) = [2(2/+1)] = 2 
1=0 1=0 
1= 2-1 
For L shell, (п = 2) = Y, 2(21+1) = [2(21+1)] + 2(21+1)] = 2 + 6 =8 
lx. 120 I21 


1= 3-1 
For M shell, (n = 3) = У, 2(21+1) = [2(21+1)] + 2(21+1) + 202+1)] = 2 + 6 + 102 18 


1=0 1-0 ДИТ 122 
124-1 

For N shell, (n = 4) = X 2(21«1) = [2(2+1]] + 2(2+1) + 2(21+1}+ 2(2/+1)] = 2 + 6+ 10+ 14 = 32 
1=0 1= 0. 1=1 1=2 l=3 


(5) Hund’s multiplicity rule : 


Hund's rule dictates the distribution of electrons in an orbital. The complete picture of ~ 
electronic, arrangement in ап atom will be evident when we consider the above rule. The 
important features of this rule are— 


(i) Electrons continue to enter different orbitals as long as possible. Electron-pairing in 
any orbital (s, p, d etc.,) can not take place until each orbital of the same sub-level contains 
1 electron. 


(ii) Two or more electrons each occupying different orbitals must have parallel spins i.e., 
the same direction of spin represented by Tor J. 


, (iii) Orbitals having the maximum number of unpaired electrons possess the maximum 
stability. 


(iv) Half filled and full filled sub-shells have extra stability ie., s^, 5°, p’, p^, d’, d'?, Р and 
f" are stable configurations. 


Applying the above 4 rules, the sequence of filling of a set of d orbitals in the ground state 
of an atom is shown in the following table. 


maximum stable 


Fully filed 


maximum stable 
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© The following table shows the distributions of electrons in different quantum shell. 


Azimuthal abd peel of wen Total 
Sub-shell | quantum bec de. of 
No. (Л) No. (m) No. prr = а "m 


Principal 
Shell | quantum 


2(2х0+1)=2 


2(2x0+1) = 2 


2(2х1+1) = 6 


2(2х0+1) = 2 


2(2х1+1) = 6 


18 


2(2x2+1) = 10 


2(2x0+1) = 2 


2(2х1+1) = 6 


+ 


+ 


SESE ppp SER qe ido eio dors [- МҸ 
П 


+ 


2(2x2+1) = 10 


+ 


+ 


32 


+ 


+ + 


+ 


2(2x3+1) = 14 


+ kr 
i 


* 


+ 
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1.8. Symbolic representation of electronic configuration of atom. 

The electronic configurations of atoms of different elements can be conveniently expressed 
by a general formula ni* where n = the principal quantum number which is expressed as 
1, 2, 3, 4 еїс., Lis the azimuthal quantum number which is expressed as the letters s, p, d, f and 

x represents the number of electrons present in the orbital or orbitals, defined by the particular 
n and Г values. 

Summation of x represents the atomic number of the element. The following sequence 
should be kept in mind while writing the electronic configuration of ari atom. 

(i) First of all ascertain the atomic number of the element. (ii) Then write the values of. 
principal quantum number n starting from 1 followed by 2, 3 etc. (iii) Just after the value of 
n, write down the designation of azimuthal quantum number s, p, d etc. The first shell is 
represented by 1s. The second shell is represented by 2s 2p. The third shell is represented by 
3s 3p 3d. The fourth shell by 4s 4p 4d 4f. (iv) Then put the number of electrons just above the 
5, p, d, f notations. : 

Thus the electronic configuration 1s? 2s? 2p shows that the first shell contains 2, second 
shell contains 2 + 6 = 8 electrons. 

Another important point is that the principle of maximum multiplicity as enunciated by 
Hund's rule, Thus the electronic configuration of ;N" (nitrogen) 15? 2s? 2p? should be actually 
written as 1s? 2s? 2р! 2p} 2р! with 3 unpaired electrons in 2p sub-shell. The chemical 
characteristics of nitrogen, its normal combining power, magnetic properties etc., are in 
accordance to this electronic configuration. 

Illustration : (i) The electronic configuration of chlorine (СІ) is 1s? 252 2р6 3s? 3p5. 

This indicates that the first shell (К) of chlorine atom contains 2 electrons. In the second shell 
(L), the sub-shell s contains 2 and the other sub-shell p contain 6 electrons, so that L shell 
contains 2 + 6 = 8 electrons. The third quantum shell (M) having maximum capacity of 

18 electrons, contains 2 + 5 = 7 electrons. Thus it becomes 1s? 2s? 2р6 3s? 3p? 3p? 3р,!. 

(ii) Beginning with hydrogen 1s!, the next electron goes to He-15?, then progressively 
electrons аге added to Li-1s? 1s!, Be-15? 252, B-1s?, 2s? 2p!, C-15?2s?2p? etc. The electronic 
configuration of Аг becomes 1s? 2s? 2p 3s? 3p5. In the next element К the 19-th electron 
goes to 4s sub-shell and not to 3d because the latter contain higher energy than the former 
[( + D rule]. Hence the electronic configuration of К is 15? 2s? 2р6 3s? 3рб 4s!, Similarly the 
configuration of Cais 152252 2р 3s? 3p$ 452. After Ca the 21st electron will go to 3d sub-shell 
and not to 4p and thus begins the first transition series (aSc, 22Ti, 3V, 4Cr, Мп, Fe, 2,Co, 
asNi, 29Cu). In 24Cr and Си exceptions are observed where Hund's rule is strictly followed. 
From Sc (21) down to Cu (29) electrons are fed into 3d subshell as shown below— 


Not 3d4 4s? 


= j 


4s! Not 3d? 4s? 
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Based оп the five principles, the electronic configurations of «С, 7N, Na, „Cl, iK, 21Sc, 
Сг, and Си in their ground state are shown below in box orbitals : 


Se RORCORCECRORORODOIONCE 
¢ + БЕ ГЕТ ШЕЕ ЕТЕ ШШЕ 
« eGo) eA 
s АА GOCE LC] 
а | [ш A [87817] LL LL oo 


Т represents unpaired single electron, The correct representation of the electronic 
configurations of the avove elements are— 


[1] | | 

ا 28 | 12 

12 | 2 [2p 

18 oo 
ENES 
ا‎ 
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1.9. Wave nature of an electron. 

So far in our discussion of atomic structure, the electron has been considered as a tiny 
negatively charged particle having a definite energy and momentum moving in a circular or 
elliptical orbit. But a knowledge of quantum mechanics has led us to come to the conclusion 
that it is not possible to give a precise orbit for the motion of an electron. 

From various experiments involving the interaction of light and matter, it has been 
concluded that sometime light behaves as particle and sometime as wave e.g., photo-electric 
effect, compton effect, black body radiation etc., show that light behaves as particle. The 
electron diffraction phenomenon of Davison and Germer (1927) conclusively proved the wave 
character of electron. In electron microscope the wave nature of electron has been established. 
On examination of Planck’s and Einstein’s relationship, L. de Broglie (1923) concluded that 
the energy is associated with both radiation and matter. 

Thus mass-energy relation of Einstein is E — mc?. Again Planck’s quantum theory proves 
Е = hv. : 
Combining these two equations we get, _ mc =hv or, mc = Н/С... (i) 


Я Ec qr i RM 
Now wave-length A = S Ot, АЕ 


Putting this value in (i) we get, mc = ША or, A= hime 

Here mc = momentum of photon = p or, A= hip 

Here m= mass is a particle property, and v= frequency, A=wave length, are wave properties. 
The above equation is the basis of L. de Broglie's idea of wave-particle duel behaviour of 
electron. He showed that the moving electron has both wave and particle properties and it can 
be expressed mathematically as follows : 


A= —Ë here V = velocity of electron. 
mxV 


or, mxVxAXsh or, h=AXp (р = momentum = mV) 

Thus the particle aspect of the electron i.e., p is related to the wave aspect i.e., А. 

From de Broglie's equation, we may conclude that wavenature of matter will manifest only 
when mass (m) is very small compared to h. Thus for macro particle (m is large), the particle 
nature will predominate, while for sub atomic particle wave nature will predominate. 

Again, according to Heisenberg’s uncertainty principle, it is impossible to measure 
simultaneously the exact velocity and exact, position of an electron. Therefore, the best what we 
can do, is to try to determine the probable position and the probable velocity of an electron. 

The volume in space around the nucleus ofan atom, in which there is maximum probability 
of finding the electron,is called an orbital. 

[Statement of Heisenberg uncertainty principle : The 
principle states that “If the position of the particle can be 
measured with an accuracy X and A X, then in the same 
experiment, we can not measure momentum with an accu- 
racy, greater than p+ Ap—the product of the two uncertain- 
ties is of the order of the Planck’s constant 

Apx AX=h 
Again, AVxm= Ap ог, AVx AX=h/m. 

It suggests that Heisenberg uncertainty principle is Is orbital 
applicable only when m is very small compaired to A] Fig. 1.27 

The probability of finding an electron in the 
region around the nucleus, is calculated from Schrodinger equation and the region in space 
where there is maximum probability of. ‘finding the electron charge-cloud is the orbital. 


2s orbital 
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Orbitals are designated by quantum numbers л, Ё m. For a given value of n there are sets 
of Z and m values. Hence there are different orbitals with different orientations. 

(i) s-orbital : For s-orbital, [=0 and m = 0. This shows that the probability of locating the 
s electron is independent of the direction from the nucleus. Consequently the shape of s orbital 
is spherically symmetrical. The electron charge cloud is not concentrated in any particular 
direction. The shape of 1s orbital (n = 1,1— 0, m =0) and 2s orbital (n =2,1= 0, m =0) are shown 
in the figure 1.27. ; 

(ii) p-orbitals : For p-orbitals, ѕіпсе/ = 1 there are three values of т as –1,0, + 1 and hence 
there are three p-orbitals as р, p, and p . All the p-orbitals have same shape— dumbell shape 
having two lobes and their electron charge cloud density is concentrated along x, y and z axis 
i.e., the lobes of maximum probability are directed along the three axes. All the p-orbitals 
possess a nodel plane i.e., a plane in which the probability of finding the electron is zero. 


p, orbital Р, orbital p, orbital BPP, orbital 
Fig. 1.28 


(iii) d-orbital : These are double dumbell shaped. For d-orbitals since I value is 2, there are, 
5 values of m, —2, —1, 0, + 1, + 2 and so there are five d-orbitals. 

Ind, „з 4,, and d. orbitals, the electron charge cloud density is concentrated along ху, yz and 
xz plane i.e., their electron charge cloud will be found maximum in these planes. In the other 


dy orbital ^. d, „orbital d, orbital 


. Fig. 1.29 


two d orbitals e.g., d. e and dz the electron charge cloud density will be found along the x, y 
and z axes. These differences in the nature of electron charge cloud density, has much influence 
on the properties of transition elements (Crystal field theory). 


ө Difference between orbit and orbitals. 


(1) According to Bohr's theory it is a definite path | (1) Itis a part in space around the nucleus where the 

followed by an electron. probability of finding the electron is maximum. 
(2) Two orbits in an atom can not have the same | (2) Two orbitals can have the same energy e.g. p, p, 
and p, have the same energy. 


energy. » 
(3) An orbit has two dimensional representation. (3) An orbital has three dimensional representation. 
(4) The shape of an orbit is circular or elliptical. (4) Different orbitals have different shapes e.g., s- 
orbital are spherical, p-orbitals are dumble shaped. 
(5) An orbit can have more than two electrons. e.g., | (5) An orbital can not accomodate more than two 
2nd orbit can accomodate maximum 8 electrons. | electrons. 
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1.10. Mass number of atoms. 

The mass number of any atom indicates the total number of protons and neutrons in its 
nucleus. The mass of an electron is negligible hence the mass of atom corresponds to the mass 
number. The mass of an isotope is represented by this number. Hence, mass number is not the 
atomic mass of an element. An element occurs in nature as а mixture of two or more isotopes, 
each with specific mass number. Atomic mass of any element is actually an average of isotopic 
masses of several isotopes. 

If M = mass number, N = neutron number and Z = number of protons, then M = Z + N 


The particles present in the nucleus are called nucleons. These are actually the protons and 
neutrons. Thus the number of nucleons — number of protons + number of neutrons. 

M = Mass number = Number of nucleons = Z + N. 

1.11. Atomic number—X-ray spectra and Mosley's work. 
Rutherford’s work on scattering of alpha particles by c thin metal foil could not throw any light on the exact 
tified the nuclear charge of an atom with its atomic number. 
This idea was confirmed by Mosley from the study of X-ray spectra on several solid anodes, 

X-rays are produced when solid anodes are bombarded by festmoving س‎ raye: X-rays are in fact light. 
like radiations of very short wave-length. It was observed that the wave-lengths or frequencies of X -rays are 
functions of the target material i.e., ash target material emits X-rays which consists of series of lines having fixed 
wave-lengths or frequencies. 

Moseley studied the X-ray spectra of elements lyi between aluminium and gold in the periodic table and 
found that the spectra followed the same ER the periodic table. еа plotted Vv against atomic 
numbers of elements, an excellent straight line was 
obtained but the relation between Vv against the atomic 
weights of the elements was not linear, The relation he 
ӨЕ меп Ihe frequency (v) of the characteristic 
X -ray line with atomic number is given by 

Vv=a(Z-b). 

Where Zisthe atomic number and a and bare both 
constants for any particular type of line. 

We know the frequency of emitted radiation as 
deduced from Bohr's theory is 


1 1 
ya EE [zee = 10 20 
1 At . 
bes the above Ыт vier to multi-electron mam 
system, the effective nuclear charge sov y Бүт Fig. 1.30 : The relationship between the atomic 
electron is not Ze but less than this, due to shi rag od ers of some sin elémeris ond ihe square 


of the inner electrons. It is better чё tapes it'd 
where Hy o constant-known a screening constant (See root of the K, lines in their X-ray spectra 


Slater’s rule page 113). Using concept of effective nuclear charge, the above equation becomes 


lr Bar N [То Ий меп K li 2em. | 1 _ | is constant and 
у тр. s) к 4 for a given K line, the term Try ттр is constant 


requency —> 


30 


can be represented Ьу say a, Thus the equation becomes 
ут (2-5, or Yv2alz- 3. This is the same as the emperical equation of Mosely. 

From this observation Moseley came to the conclusion that—the atomic number of any element 
а ofthe positive charge on the nucleus ofan atom and thot he number of extra nuclear 
electrons is identical with the atomic number of any element. 

Since he obtained a straight line when Av was plotted against atomic number but not against 
atomic weight, he concluded that atomic number of any element is more fundamental than its atomic 
weight. On the basis of these observations of ‚ the periodic law was re-stated as—The 
properties of the elements are periodic functions of their atomic numbers and not atomic weights. 
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Ф Problems related to atomic structure : 


1. Anatom contains 2, 8 and 2 electrons in K, Lond M shell respectively. Calculate the (i) number of protons, 
f principal quoniam nem fal af eiui N БИНЕН АГАНЫН анау 
in the p orbit, 


Ans : The electronic configuration of the atom ir— 
к 1 M 

Тою! number of electrons = 2 + 8 + 2= 12 

(i) Number of protons = Number of electrons = 12 

(ii) Principal quantum number of the outer most shell = 3 

(iîi) Total subshell = ó (one 1s + one 2s + three 2p and one 3s} 

(м) Number of electron in the р ойы! = 6 

2. Calculate the wave-length in Angstrom of the photon that is emitted when an electron in the Bohr orbit 
п = 2 returns to the orbit n = 1 in the hydrogen atom. The ionisation potential of the ground state of hydrogen 
atom is -2°17 х 10°! erg per atom. ёге т ш. 82) 

Ans: The energy of on electron in the hydrogen оют is Ew = ——-;ру— Н 

where, m= Мам of an electron, z= atomic number, papas exe se, $» charge af on déciron, 
he Planck's constont = 6°62 x 107 erg-sac, n = principal quantum number 

Since the ionisation potential is ~ 2° Кына чесе ый orna) ils, 


or, És те = - 717 x 10" erg per atom 
ant 
or, ES == 2'17 x 10"! erg per atom SA 
For second quantum shell n = 2 4. 
во ee V came ا‎ T1710" 
° 7743.4 4 
з ' 
Б- Е» - pet 6 217 10". IS 
к ho 3x217 x104 
We know & = À = 2 ° rt а 
Аа LA, 662 к 10? х 310% x4 
en д TIT IT 3421x199 iae ean 
«120A 
3. иы р-у p ri рец чы АЕ ee nde id 
10°"? erg ond -2'41 х 10° erg respectively. Calulote the wave-length of the emitted radiation when on 
electron drops trom the third to the second orbit. ТЛ. 81] 
Ans : From Bohe's theory we know, E; = É = h v- 
€ he 
Sinn ve > کا‎ e; ae ee 


Hore E, = Eye = 2741 х 10. $42» 10 « 301 x 10 erg 
= 6°62 x 10°” erg-sec x 3 x 10" em sac 
301 x 10% eg 
6 598 х 10% cm 
" 10* cm per Á 


= 6:598 х 10% ст 


= 6598x 1 À 


ATOMIC STRUCTURE 43 


4. The electron energy in hydrogen atom is given by E = иги" erg. Cokvlote the energy 
required to remove оп electron completely from the n = 2 orbit. What is the longest wove-length (in ст of light 
that con be used to couse this transition ? шт, 784] 

Ans : We know the energy of an electron in the mth orbit 
2 rem = = 217 x 102 


ыр hae SE 
When n= 2, Б= reet org =~ 54x 10 eng. 


When n = i, wh б dcin снід rore бол бә here Ч ча ome h , 
energy is Ô. 

„ AEn E, - Ej v 0-(- 54x 1OU) « 54 10 org, А 

Hence the energy required.to remove on electron from second orbit [n = 2) is 5 4 х 10°"? eg. 

he һе 6627 109 тулен I< 109 ота 
‘Substituting i AE о, Aw at Sx 107 eg 
= 368 x 10* от. 
5. Cokulate the number of proton at N.T.P. in 2.8 litre of oxgen доз which contains only O'* isotopes. 
‘Ans: 2274 litre of oxygen ot N.T.P. contains 6023 x 10? oxygen molecules 


28... эзсез». = 0752875 x 10? oxygen molecules 


Therefore, the number of oxygen atoms present in 2`8 litre of oxygen. « 0752875 x 10? «2 
Number of proton in one atom of oxygen = 8 
+. Total number of protons = 8 x 0752875 х 10? x 2 = 12/046 х 10» 


6. Given the mass of an electron is 9 11 x 109 g, the of the electron = 4'8 x 1075 өл. Cokulote 
үл ананим [ii] the velocity of electron in the orbit, (йй the energy of the electron in the 
1s 


тә 
Ans: (i) We know radius of 1st Bohr orbit r= iat 
(6°62 1077 
Here nu l, ro Il 
ned, re TIO Taj 9 XIO x (48 x OP 
(i) |f Vibe the velocity of the electron in the 1 orbit 


228 2»314x(48 x 10 
ve ل‎ Tani = 219 х 107 onsec 


- " 
"TO 2 inpune te en = 2175 x 10g, 


7. Cakelote the wavelengths of H, ond Hy lees in the hydrogen in the Balmer series, (Given R = 


«0529 х 10* em 


+ E «8/56 x 10* om = 6540 А 


L 1 l)a 2 : 
à rm (5 5) y 3% 5x 109677 e^ 


for H, line, A = 6560 А 
— = 109677 | 3 B 1) or, Ae 46 x 10% сте 4840 À 
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€ Problems related to atomic structure : 


1. Anatom contains 2,8 and 2elecironsin K, Land M shell respectively. Calculate the (i) number of protons, 


(ii) principal quantum number (п) of outermost shell, (iii) total number of sub-shell: and liv) number of electrons 
in the p orbit. ` 


Ans : The electronic configuration of the atom is— 
K 1 м 


Total number of electrons = 2 + 8 + 2 = 12 

(i) Number of protons = Number of electrons = 12 

(ii) Principal quantum number of the outer most shell = 3 

(iii) Total subshell = 6 (one 15 + one 2s + three 2p and one 3s) 

(iv) Number of electron in the p orbit = 6 

2. Calculate the wave-length in Angstrom of the photon that is emitted when an electron in the Bohr orbit 
n = 2 returns to the orbit n = 1 in the hydrogen atom. The ionisation potential of the ground state of hydrogen 


atom is -2°17 x 10! erg per atom. 2rtziehm (LT. '82] 
Ans: The energy of an electron in the hydrogen atom is E=- EET 1 


where, m= Mass of an electron, z = atomic number, in case of hydrogen 2= 1, e = charge of an electron, 
h = Planck's constant = 6°62 x 10727 erg-sec, п = principal quantum number. 


Since the ionisation potential is = 2: 17 x 10"! erg per atom hence the electronic energy for n= 1 is also same, 
ог, Ez E =- 2'17 х 10" erg per atom 


or, WE TUE 2-217 х 10" erg per atom 
For second quantum shell n = 2 
_ 2®те* _-2®те — -217x10" 


= > = 
8 Re Rx 4 
s Ш 3х 2°17 х 107! 
Ee fg ee р ар ا ا‎ 
4 4 
hc hc 3 x 2°17 x 1021 
W ER pus EE ETE 
е know E; - E, 5 95 1 4 
hex 4 6°62 х 107 x 3x 10x 4 
yo m A a7 
M 3x2Z17x107 3x217x10 ERI cem 
=1220А 


3 The energy of the electron in the second and third Bohr orbits of the hydrogen atom is -5'42 x 


107 erg and -2'41 x 10"? erg respectively. Calculate the wave-length of the emitted radiation when an 
electron drops from the third to the second orbit. ILLT. 81] 


Ans : From Bohr's theory we know, E; — E = h v. 
1 с hc hc 
Since v= > E or, A= Е-Е 
Неге Ej - Е == 2°41 x 10724. 5:42 x 10-12 3°01 x 1072 erg 
6°62 х 107 erg-sec х 3 x 10!9 cm sec! 
= 6. r5 
ТОГОТО 6:598 x 10-5 ст 


6:598 x 1075 cm 


со ада GEMINO MAS 


А= 
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4. The electron energy in hydrogen atom is given by E = LUE. erg. Calculate the energy 
п? 
required to remove an electron completely from the n = 2 orbit. What is the largest wave-length (in cm) of light 
that can be used fo cause this transition ? (LT, *84] 
Ans : We know the energy of an electron in the n-th orbit 
2r zem - 217 × 2 


ET TS WROTE ew 
913 12 WE 
Whenn=2, f= wee erg =- 5°4x 10? erg, A 


When n = œ i.e., when the electron i complaiely removed from he sph of на o һе” 

energy is 0. 
~ AE=E.- Ыы. (- 5'4 x 1072) = 54x 10712 erg. ‘ 
Hence the energy required-to remove an electron from second orbit (л = 2) is 5°4 x 10"? erg. 
6:627 x 107 erg- po : E 
раен AE oe АШАП С _ S627 x 107 ense x 3 x 10" em sec 
А ДЕ 5'4 х 107? erg 
= 368 x 105 cm. 
5. Calculate the number of proton at N.T.P. in 2.8 litre of oxgen gas which contains only O^ isotopes. 
Ans : 22`4 litre of oxygen at N.T.P. contains 6023 x 1023 oxygen molecules 
4 AT 

Soe = 0752875 x 10° oxygen molecules 
Therefore, the number of oxygen atoms present in 28 litre of oxygen. = 0752875 x 10? x 2 


Number of proton in one atom of oxygen = 8 
2. Total number of protons = 8 x 0°752875 x 10? x 2 = 12'046 x 10? 


6. Given the mass of an electron is 9°11 x 1072 g, the charge of the electron = 4°8 x 10° e.s.v. Calculate 
(i) the radius of 1st Bohr orbit, (ii) the velocity of electron in the first orbit, (iii) the energy of the electron in the 
Ist orbit. 


Ans : (i) We know radius of 1st Bohr orbit r= nl 


Arme? 


(6°62 х 107} 
4x (3°14)? x 9'11 x 10728 x (4/8 x 10-19)? 
(ii) If V be the velocity of the electron in the 1st orbit 
2ле? 2х3`14х(4`8 x 1079)? 


Heren=1, r= 20:529 x 10% cm 


„леа BABS TAI ын. ыы a 
V= zr $ 62x 107 2:19 x 10? cm sec 

2ntetm 2x (3° TA)? x (48 x 1079) x 9°11 x 10% ‚ 
БИ Es- ne cs ИИ Heo En Ret MUS АЕ er aya Ld 
firn (662x 1077 Tow Ot 


7. Calculate the wave-lengths of Н, and Hg lines in the hydrogen in the Balmer series. (Given R = 
109677 cnr) 


Ans : We know for Balmer series in the hydrogen spectra, 1 are (= =, =a 
n 
For Ha and Hs the value of п = 3 and 4 respectively, 
I йал! e: ie epee 5 cm = 6560 Å 
= = 109677 ( > F) =109677% = ЖЕ гускен 6°56 10 em 


for Ha line, A= а А 
im 


Again for Нр line, — A Lie (2, -i or, A= 4'86 x 105 cm - 4860 А 
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8. A spectral line in the Lyman series of hydrogen atom has wave number 82200 cnr'!. What transition 


is responsible for this radiation ? [Given R = 109600 cnr] 
Ans: WEEN TEE ЩЕ E 
5 п n 


For Lyman series m = 1, v=R (i is 


n? 1096 1096 
The electron has migrated from second orbit to first orbit. 


9. According to Bohr's theory, the electronic energy of hydrogen atom in the Bohr's orbit is given by 


- М "m 
E- 2176 x 107 2, 


ог, 82200 = 109600 (1 - =) m bus a еу B<4 -m «2 


m 
Calculate the largest wave-length that will be needed to remove an electron from the 3rd orbit of the He* ion. 


[1.7.90] 
Ans : For any hydrogenic system the energy of the electron in the n-th orbit is given by, 
2212761071742 


Е,= See [Z= At. no. of the system which is 2 for Не" system) 
~21° 19 
For 3rd orbit, n = 3, B= 2217610754 
= 19 
AE=6-E [E=0] ag, 27610754 овоне 
4 hc hc 6°62 x 10 J-sec x 3 x 108 m sec! 
Again we know, — «AE 3a ip ORE A GF E E. 


= 2'05 x 107 m = 2050 А 
10. Calculate the wave-length and energy of radiation emitted for the electronic transition from infinity 
fo stationary state of the hydrogen atom. Ё = 1709678 x 107 пт!, h = 6625 x 10™ J-sec, с = 29979 


x 10° ms. [Roorki ‘88] 
Ans : We know the general formula of hydrogen spectra, 


1 
1. = vos678x107( 7 - 2) or, À =9'11x 104m 


Uia 


= 1709678 x 107 


Р hc 6:625 x 107^ J-sec x 2:9979 x 108 m sec"! 
Eu Oo а 20 
Again 1 E 91x OM 218 х 107 |J. 


11: If the electron of the hydrogen atom has been excited to a level corresponding to 102 electron volts, 
what is the wave-length of the line emitted when the atom returns to its ground state ? (1 eV = 1°6 x 10"! erg) 
Ans: We know A Ez 102 eV = 102 x 16 x 107? erg 


hc 6625 x 107 erg-sec x 3 x 10! cm sec"! : 
vin 102x T'6x 10! erg HAA, 

12. The line of greatest wave-length of a particular series in the atomic spectrum of hydrogen is at 6563 А. 
What is the series ? (Given R = 109677 cnr’) 1 

Ans : The general formula of hydrogen spectra is— У = i ERIS. cdd 


№ п 
п; is larger than m by at least 1 i.e., it begins with m = n, + 1 


vei -efi - E 


A 
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TES d 1 1 1 
Substituting ће lues, ————— = [+ - 
ынай" GIVEN: values; rc 109677 7 E 
1 » lai 
гі ст T ND (Led) 15236 = 82257 
ог Lyman series n? 3х1% 677 Tid or, 


LH.S « R.H.S. Hence the line does not belong to Lymans series. 


: 1 T 
For Balmer series m= 2, 6563 x 108 2109677 = - 5) ог, 15236 15233 


ie, LH.S = R.H.S. Hence ће line belongs to Balmer series. 


13. Calculate the frequency of the light ray emitted, when an electron drops from a higher to a lower 
energy level of an atom, the difference between the energies of which is 35°64 x 10"? erg. (Given h = 6°624 
х 107 erg-sec) [WBJEE “90] 

Ans : From Bohr's theory we know, A E= Ру у= frequency of the light ray. 

е + 12 

or, у= AE = = 5/38 x 10'S cycles/sec. 

14. What transition in the hydrogen spectrum would have the same wave-length as the Balmer transition 
n= 4 to n = 2 of Het spectrum ? [L.LT. 93] 

Ans : The general form of the Balmer formula for Hydrogenic system is— 


2nzetm | 1 1 | A 
AES ———| — - —| for „2= 1, for He, 2=2 
a A Hydrogen, r 


27?12em 


Again А E, = A EHe or, r xa 


2222 
rd enp ү гы) 


№ 


EXT 
n m 2^ „Ж "9-2 

Since m = 1, thé line belong to Lyman series. Transition occurs from 1st orbit to second orbit. 

15. Calculate the wave-length associated with a particle of one milligram mass moving with a velocity 
9 x 105 cm sec". 

Ans : We know the de-Broglie relation, 

m h м 6`626 x 107 erg-sec 

ту 0:001 g x 9 x 105 cm sec" 
2736 x 10 cm. 
16. Calculate the nuclear radius and nuclear density of зба”. 
Ans : Radius (7 = 1°33 x 107? x (70)!/3 = 5°48 x 107? cm 


Velim ск ET 2, (5°48 x 10-'2} = 69x 107? cm? 


[erg = g x cm x sec?] 


3 3 
Mass of 1 mole of Ga 70 7 
i - = ————___ g = _11°624x 10723 
Mass of single Ga atom = "XOT TOI 9 624 x g 


Mass of single Ga atom 11°624 x 102 À 
йу= I M Cada im 10 g/cm?. 
Bently Volume of single Ga nucleus 69x 107 MA glen 

17, Calculate the frequency and energy associated with photons of radiations having a wave-length of 
6500 A. 

Ans: We know that c= vx A where c= velocity, v = frequency and А = wave-length. Here c= 3 x 10° т 
sec". A = 6500 A = 6500 x 107° m 


€. 3x1 — 4615 x 10! cycles sec? 


"VET 7 6500 x 107° 
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The energy E= hv or, Ex 6625 х 10 x 4'615 x 10! erg = 30574 x 10" erg 


а LTE e 107 ergs = 1 J) 
= 30574 x 10" Joules. 
18. Electro-magnetic rodiofion of wave-length 242 nm is just sufficient to ionise the sodium atom. Cakulote 
the ionisation energy of sodium in kJ mole, h = 66256 x 10% Js. 
Ans : Here wavelength A= 242 nm « 242 x 10* m. 
Velocity с = 3 x 108 ms frequency = v 
€ 3x10 
We know thot ve T = TIF = 12396 x 10" cycles гі 
Again Е = hv, Now subslituting the volves of h and v we get. 
E = 66256 x 10594 х 12396 x 10 = 8213 x 10” Joule 
; _ 8213< prae TEY 
19. (о) An electron is in 4f orbital. Find its possible volves for the quantum numbers n, |, m and 5. (b) What 
designation is to be given to on orbital having (i n= Jond l= 1 (i) n= 4ondI» 2? 
Ans: (а) For on Af electron, the principal quantum number (п) = 4 
Aximuthol quantum number (I) = (4 - 1) = 3 
Magnetic quonium number (т) == 3, = 2, = 1,0, + 1, + 2, + 3 
Spin quantum number (S) = + $ ond - } for eoch valve of (m). 
(b) 0 Foc the orbital having n= 3 and / 1, the designation is 3p, 
(й) For the orbital where n = 4 and I= 2, the designation is 4d. 
20. осна соборе in Mui ibt o Bt PARN Palant he fq M 
wove length of veni > [Roorkee '89] 
Am: We brow ba- EES. 
Ph 
2 х (Y 14P ж 1 «(48x 100 x 911x 10?* 
«ғ [62x1 
== 24177 x 10 erg e = 2417 x 10 erg 
2 =2 (3140 x48 х 109 9711 x 10709 
1662 х 10 y 
97217598 x 10" eg 27175 x 10 erg 
B-b «=(-7417x10° 42175 10] e 10" (0241 217] 1793 х 10"! erg 
АЁ» or, 193)» 10" 0 6 62x TOT xv 
v9.10" | с axle 
62+ Tov 7 29" 10" ode wc! Wave length A > *39x107 = 1034 x 107 m. 


21. Find the fil total number of neutrons and î] totol mass of neutrons in 7 mg of С. [Assume the 
of o natron to be equal o the mass of o hydrogen siom] LT TLT. 40] 
Ала : (i) The atomic number of C' = 6 = number of protons. 


> 1 otom of C" contains 14-6 = 8 neutron, 7 mg = 0007 g. 
Now ! gram atom La., 14 g of CV contains 6/023 x 1022 atoms 


2, 0007 g of C" cortoim SO , SO IP 
2 


^» 7 mg ol C^ contains imum = 2409 x 10” neutrons 


(0) The mass of 6/023 x 10” atoms of hydrogen « 1008 g 


/, Mons ol 1 atom of hydrogen = 2599,8 


1 
Given that moss of a neviron = mass of 1 H«otom © 205.1 * 


1:008 х 24'09 х 10" = 0004 g. 


„. Һе тоз» of 2409 x 109 neutrons = $023 x 109 


22. A single electron orbit around a nucleus of charge «Le where Z із constont ond ө is the mognihude 
of the electronic charge. II requires 7 56 ~ 10" Joule to excite the electron from the 2nd te Jed Bohr orbit. Find 
[i] the volue of Z, (ii) the energy required to excite the electron from Jrd fo 4th Bohr orbit, (ill) wave-length of 
clectro-mognetc radiation required to remove the electron from Ist Воће orbit to infinity, (ivi ongulor. 
momentum of electron in the 1st Bohr orbit. Given ionisation energy of Н atom » 2 178 « 10" /, speed of light 


= 3 x 10 m, Planck's constant » 6°63 х 10% Js. 
Ans i (i) The energy of electron in oh orbit of Н like atoms Is given by, 


ei = ри deo von WUD 
The energy required to excite the electron trom п = 2 1o n = J iv 


(чум) „вуз‏ ا 


Given ionisation energy of Н atom = Rhe « 2178 x 10 Joule and By = B; = АЁ» 7'56 x 10) 


Thus we hove 756x108 = Sx 1х 1178 х 10" 


ia 7 56x36 
of, Pesan! o, 1. 5. 


‚ (li) Energy required to excite the electron from Jrd to 4th orbit, 


t, e 20 ә (=) = EA x Z? Rhe but the = 2178» 10" Jond Z= 5 


; MER кыы 72:647 x 106), 
ate eee 


(4 


Е- шл Ен. P 


к 
If Ais the wave-length of corresponding radiation T- е ~7 IM 


* = 992178109) 


et, me» 
b i 
х 


= $445» 10 оде 

к 663 х 10* х 3 х 109 
“A "Сю" 54455109 
(r) Angular momentum ol electron in 1 w Бойу orbit 


nh xh 63х10 : 
VL M 22 "Заты "7 096» 109 edo m. 


= 36 5) 10 m. 
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€ Questions Ө 


1. (a) Name the three fundamental particles in the structure of the atom of an element. State the nature and 
characteristic properties of the three fundamental particles. 
(b) Of the three fundamental particles of atom, which one is responsible for (i) the identity of the element, 
(ii) the chemical properties of the element, (iii) the existence of isotopes. 
2. (a) Prove that the electrons and protons are the universal constituents of all atoms. 
(b) How the scientists came to conclusion that atoms of the elements contained some new type of particles 
other than electrons and protons ? [W.B.H.S. '90] 
3. (a) Name the scientist who discovered neutron. Mention the name of the element (with atomic mass) 
which contains only one neutron in its atom. 


(b) Discuss the special property that develops in the atom of an element (with one example) when the 


number of neutrons present is far greater Ihan its atomic number. [W.B.H.S. '90] 
4. (a) Why wasit necessary to consider the existence of neutrons in the nucleus of an atom ? How was neutron 
discovered @ Give the reaction. í [Jt:Ent:'94] 


5. Why was it assumed that (i) every atom had o positively charged central nucleus, (ii) Һе nucleus occupies 
an insignificant space, (iii) most space їп an atom is empty ? 
6. Most of the space inside an atom is empty and the nucleus occupies an insignificant space in an atom 
and it is the nucleus which is the seat of positive charge—Describe how Rutherford established these facts. 
{ [W.B.H.S. '89] 
7. (a) Describe briefly Rutherford's experiment on the scattering of alpha particles and explain how he got 
the idea regarding the structure of an atom from this experiment. 3 
(b) Write briefly the Rutherford's atomic model and mention its defects. How did Bohr modify it ? 


[W.B.H.S. '90] 
8. (a) Why Rutherford's atomic model had to be rejected ? [W.B.H.S. '85] 
(b) Write down the main characteristics of Bohr's theory on atomic structure. [W.B.H.S. '89] 

9. (a) What are the postulates.on which Bohr's theory on atomic model is based ? 
(b) How does the atomic theory of Rutherford differ from that of Bohr ? [W.B.H.S. '87) '93] 


. 10. Write short notes on— 
(a) Alpha particle, (b) Electron, (c) Proton, (d) Neutron, (e) Principal quantum level, (f) Cathode 
rays, (g) Experimental study of the scattering of a-particles while passing through thin gold foil. 
11. (a) State how the electrons are arranged in different shells and subshells outside the nucleus of an atom. 
[W.B.H.S. '88] 
(b) State the arrangement of electrons inside the atom of the two elements given below : 
K—At. no 19, Fe—At. no. 26. 
What special characteristics are observed in the arrangement of electrons of these two atoms ? 


ё [W.B.H.S. '89] 
(c) Give the electronic configuration of Ni and №2". (At. No. of Ni = 28). Find the number of unpaired 
electrons in each case. [W.B.J.E. '97] 


12. Answer the following questions : 
(i) What is alpha particle ? How can it be detected ? 
E How does the electronic arrangement determine the chemical properties of atoms of different 
elemen 
(iii) What happens to electrons inside an atom when (a) absorb ‚ (b) give off 2 
PR (iv) What are the contradictions of the Rutherford's ы of "чын eni ? Hi woe нтс еа by 
lor 


(у) What are shells and subshells 2 Mention the maximum number of electrons whi 
accomodated in subshells s, p, d and f. E (Oe 

(vi) State the salient os of the electronic configurations of the inert gases. 

(vii) Mention the similarities and dissimilarities between (a) proton and electron, (b) proton and neutron? 

(viii) What is the mass of a proton in gram ? [W.B.J.E. 92] 

(ix) What are the compositions of the nuclei of CI and „C17 ? [W.B.J.E. '93] 

(x) An element (take the symbol as M) has 26 protons in e nideor of its atom. Write the electronic 
configurations of M* and М. [W.B.J.E. '95] 
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(xi) How many neutrons are there in 5 x 10° mole of carbon-14 ? Е. '95] 
(xii) Complete the following equation (for the nuclear reaction] Ве? + Не“ 4 ? +? Ш.Е, '92] 
(xiii) Name one atom which does not contain any neutron. Mention the number of protons and electrons in 
H' ion. [H.S. '89] 
(xiv) How atomic number of an element is related to the number of neutrons present in the atom ? 
[H.S. '90] 
(xv) Define atomic volume. Write down the electronic configurations of 
(а) Cu? and N* ions ПЕ. '89] 
(b) Ca? and Ne ULE. '94] 
(с) P% ion and 24Сг ШЕ. '92] 
13. Justify the statement— 
(a). The originality of an element depends upon its atomic number. [H.S. '89] 


(b). The outermost electrons in an atom is responsible for its chemical reactivity. 

(c). Electrons and protons are universal constituents of all atoms. 

14. Give reasons in support of the following statements : 

(a) Each atom has a positively charged nucleus. 

(b) Atoms are electrically neural though they contain electrically charged particles. 

(с) Rutherford’s model of atom is unstable. 

(d) The nature of an element depends on its atomic number. 

(е) Neutrons do not influence the chemical properties of an atom. 

( The atomic weight of chlorine is fractional. 

(g) The expected electronic configuration for copper is [Ar] За? 452, but it is actually [Ar] 3d'? 4s'. 
(h) Not more than two electrons can be accommodated in the same orbital. 

15. The number of protons, neutrons and orbital electrons in the particles A to E are as follows— 


From these particles «поозе—1ї) an anion, (ii) а cation, (iii) a pair of isotopes, (iv) an inert gas atom, 

(¥) two particles which can form an electro-valent bond, (vi) a particle which can form an acidic hydride. 
[H.S. '88] 
16. (a) Explain—when atoms are bombarded with aparticles, only a few in a million suffer deflections others 
pass out undeflected. ШЕ, '89] 
(b) State the maximum number of electrons that can be present in the following subshells of an atom 
(i) 3p, (i) 3d, (їй) 4s. [J.E. '86] 
17. (a) Whatis Һе difference between an orbit and an orbital. Is there any difference between the size and 

shape of 2p and 3p orbitals ? 


(b) State which one is the correct electronic configurations of potassium atom and chromium atom-and 
why. L.E. '87] 


K— (i) 1s 2s? 2p5 3s? Зр? 4s' Cr- (i) 12 2s? 2р5 3s? 3p* 3d^ 4:2 
(ii) 1s? 2s? 2p* 3s? 3p* 3d! (ii) 1s? 2s? 2р 3s? 3p* 345 4s! 
18. (a) Write down the electronic configuration of an element of atomic number 18. ЦЕ. '86] 


(b) Define atomic weight and mass number of an element. Explain why the atomic weight of chlorine is 
fractional. [H.S. '84] 


CH-II/A 
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€ Questions е 


1. (а) Name the three fundamental particles in the structure of the atom of an element. State the nature and 
characteristic properties of the three fundamental particles. 
(b) Of the three fundamental particles of atom, which one is responsible for (i) the identity of the element, 
(ii) the chemical properties of the element, (iii) the existence of isotopes. 
2. (a) Prove that the electrons and protons are the universal constituents of all atoms. 
(b) How the scientists came to conclusion thatatoms of the elements contained some new type of particles 
other than electrons and protons ? [W.B.H.S. '90] 
3. (a) Name the scientist who discovered neutron. Mention the name of the element (with atomic mass) 
which contains only one neutron in its atom. 


(b) Discuss the special property that develops in the atom of an element (with one example) when the 


number of neutrons present is far greater than its atomic number. [W.B.H.S. '90] 
4. (a) Why wasit necessary to consider the existence of neutrons in the nucleus of an atom ? How was neutron 
discovered ? Give the reaction. [Jt.Ent. '94] 


5. Why was it assumed that (i) every atom had a positively charged central nucleus, (ii) the nucleus occupies 
an insignificant space, (iii) most space in an atom is empty ? 
6. Most of the space inside an atom is empty and the nucleus occupies an insignificant space in an atom 
and it is the nucleus which is the seat of positive charge—Describe how Rutherford established these facts. 
^ [W.B.H.S. '89] 
7. (a) Describe briefly Rutherford's experiment on the scattering of alpha particles and explain how he got 
the idea regarding the structure of an atom from this experiment. Е 
(b) Write briefly the Rutherford's atomic model and mention its defects. How did Bohr modify it ? 


[W.B.H.S. '90] 
8. (a) Why Rutherford's atomic model had to be rejected ? [W.B.H.S. '85] 
(b) Write down the main characteristics of Bohr's theory on atomic structure. [W.B.H.S. '89] 
9. (a) What are the postulates.on which Bohr's theory on atomic model is based ? 
(b) How does the atomic theory of Rutherford differ from that of Bohr ? [W.B.H.S. '87) '93] 
. 10. Write short notes on— 


(а) Alpha particle, (b) Electron, (c) Proton, (d) Neutron, (e) Principal quantum level, (f) Cathode 
rays, (g) Experimental study of the scattering of a-particles while passing through thin gold foil. 
11. (a) State how the electrons are arranged in different shells and subshells outside the nucleus of an atom. 
[W.B.H.S. “88] 
(b) State the arrangement of electrons inside the atom of the two elements given below : 
K—At. no 19, Fe—At. no. 26. 
What special characteristics are observed in the arrangement of electrons of these two atoms ? 
[W.B.H.S. /89] 
(c) Give the electronic configuration of Ni and М”. (At. No. of Ni = 28). Find the number of unpaired 
electrons in each case. [W.B.J.E. '97] 
12. Answer the following questions : 
(i) What is alpha particle ? How can it be detected 2 
В How does the electronic arrangement determine the chemical properties of atoms of different 
elements ¢ 
(iii) What happens to electrons inside an atom when they (a) absorb energy, (b) give off ? 
ias (iv) What are the contradictions of the Rutherford's edd ui nag Sands | "o was it recited by 
or 
(у) What are shells and subshells 2 lion the maxi i 
Welt eoe Mention Maximum number of electrons which may be 
(vi) State the salient aus of the electronic configurations of Ihe inert gases. 
(vii) Mention the similarities and dissimilarities between (a) proton and electron, (b) proton and neutron? 
(viii) What is the mass of a proton in gram ? [W.B.J.E. '92] 
(ix) What are the compositions of the nuclei of „СЇ and „СР 2 [W.B.J.E. 93] 
(x) An element (take the symbol as M) has 26 protons in the nucleus of its atom. Write the electronic 
configurations of M* and М. [W.B.J.E. '95] 
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(xi) How many neutrons are there in 5 x 10? mole of carbon-14 ? ШЕ. '95] 
(xii) Complete the following equation (for the nuclear reaction) Be? + Не“ > ? +? ШЕ. '92] 
(xiii) Name one atom which does not contain any neutron. Mention the number of protons and elecirons in 
Н? ion. [H.S. '89] 
(xiv) How atomic number of an element is related to the number of neutrons present in ће atom ? 
[H.S. '90] 
(xv) Define atomic volume. Write down the electronic configurations of 
(а) Cu% and N* ions ШЕ. '89] 
(b) Ca? and Ne I.E. '94] 
(c) PZ ion and 24Сг ШЕ. '92] 
13. Justify the statement— 
(a) The originality of an element depends upon its atomic number. [H.S. '89] 


(b) The outermost electrons in an atom is responsible for its chemical reactivity. 

(c) Electrons and protons are universal constituents of all atoms. 

14. Give reasons in support of the following statements : 

(a) Each atom has a positively charged nucleus. 

(b) Atoms are electrically neural though they contain electrically charged particles. 

(c) Rutherford’s model of atom is unstable. 

(d) The nature of an element depends on its atomic number. 

(е) Neutrons do not influence the chemical properties of an atom. 

(f) The atomic weight of chlorine is fractional. 

(g) The expected electronic configuration for copper is [Ar] 3d? 42, but it is actually [Ar] 3d'° 45'. 
(h) Not more than two electrons can be accommodated in the same orbital. 

15. The number of protons, neutrons and orbital electrons in the particles A to E ore as follows— 


Particles | No. of protons | No. of neutrons | No. of electrons 
A E 12 
Be ale ЫЕ 
cam] 17 
Б” “| 17 
E ala] 17 


= 
From these particles chouse—{i) an anion, (ii) a cation, (iii) a pair of isotopes, (iv) an inert gas atom, 
{v} two particles which can form an electro-valent bond, (vi) a particle which can form an acidic hydride. 
[H.S. '88] 
16. (a) Explain—vwhen atoms are bombarded with apartides, only a few ina million suffer deflections others 
pass out undeflected. ULE. '89] 
(b). State the maximum number of electrons that can be present in the following subshells of an atom 
(i) 3p, (ii) 3d, (iii) 45. ULE. '86] 
17. (а) What is the difference between an orbit and an orbital. Is there any difference between the size and 
shape of 2p and 3p orbitals ? 
(b) State which one is the correct electronic configurations of potassium atom and chromium atom and 
why. ШЕ. '87] 
К) 132232 2p5 32 3p* ds! Cli) 12 22 2p4 3 3p? 3d* 4? 
(ii) 1s? 2 2p 3s? 3p5 3d! (ii) 1 25? 2p* 3s? 3p* 345 4s! 
18. (a) Write down the electronic configuration of an element of atomic number 18. ПЕ. '86] 
(b) Define atomic weight and mass number of on element. Explain why the atomic weight of chlorine 15 
fractional. [H.S. '84] 


CH-H/4 
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19. Show the distribution of electrons in the elements having atomic numbers 9, 12, 16, 34, 53 and 56 
respectively. State which one of the elements is the most electro-negative and which one is most electro- 
positive ? Classify them into 3 separate pairs on the basis of similar chemical properties. [W.B.H.S. '89] 


20. The three elements А, B and C have atomic numbers Z – 2, Z and Z + 1 respectively. Of these three B is 
inert gas. 
(i) Which one has the maximum electro-negativity ? 
(ii) Which one has the highest ionisation potential ? 
(iii) What is the formula of the compound formed between A and С? 
(iv) What will be the nature of the bond between А and C in the compound formed ? [H.S. '85] 
21. (о) How many protons are present in 56 litres of oxygen at N.T.P. containing O" isotope only. 
[H.S. '85] 
22. Atomic weight of an element is 207. It has wo isotopes of mass r-umbers 206 and 208. Calculate the 
percentage of atoms having mass number 208 present in the element. [H.S. '84] 
23. Calculate the frequency of light ray emitted when electron drops from higher to a lower level of an atom, 
the difference between the energies of which is 35°64 x 107? erg. Planck constant h = 67624 x 10727 erg-sec. 
[Ans, 5°38 x 10'4 cycles sec] [J.E. '90] 
24. (a) State and explain Pauli's exclusion principle. 
(b) What is Aufbau principle of building up of electronic configuration of various atoms ? 
(с) State Hund's rule of maximum multiplicity. 
25. (а) Write down the electronic configuration of the elements with atomic numbers 24 and 29.Give reasons 
for this exceptional electronic configuration, A 
(b) Carbon atom has the electronic configuration 1s? 2s? 2p!, 2р!, and not 1s? 2s? 2p?— why ? 
[ Hints : It is due to Hund's rule which states that pairing of electrons will take place only when an equivalent 
emply orbital is not available. ] à 
26. The mass number of an element is double of its atomic number. If there are 4 electrons in 2p orbital, find 
out the number of protons and neutrons. State the volency and name of the element. 
[Hints : The electronic configuration of the element is 1s 2s? 2p,? 2p,' 2р,!. At No. = No. of proton = 2 
+ 2 + 4 = 8. No. of neutrons = 8, Mass No. = 16.] 
27. Discuss the possibility of the atom for existing in the following electronic configurations. 
(i) 1s? 2s? 2p,', (ii) 1s 25! 2p,' 2p,' 2р,!, (iii) 1s? 2s? 2p, 2р,!, (iv) 1s? 2s? 38, 
[Hints : (i) is correct. (ii) Electronic configuration is wrong as it is against aufbau principle—2s incomplete. 
(iii) Itis wrong as it is against Hund's rule. (iv) Wrong as after 2s next electron should enter in 2p and not in 3s] 
28. (a) Give the electronic configurations of 215с and goZn. 
(b) What is the maximum number of electrons that can be present in (i) 2d orbitals, (ii) all the orbitals 
with n= 2. 
(¢) Write the electronic configuration of 2Fe and Со. 
29. (a) What is the maximum number of electrons that can be present in (i) 3d orbitals, (ii) all the orbitals of 
n= 3. Give the set of quantum numbers that describe an electron in a 3p orbital, 
[Ans. п = 3,12 2,m=-2,-1, 0, + 1, + 2] [W.BJ.E. '97] 
(b) For the principal quantum no. n = 3, what are the permitted values of quantum no |, 
(c) Give the electronic configurations of the following— 
(i) He, (ii) Lit, (iii) F-, (iv) N», (v) Cu», (vi) Fe. 
30. (a) Using the s, p, d notation, describe the orbital with the following quantum numbers : 
(i) n=1,1=0, (ii) n= 2,1- 0, (iii) n = 3, l= 1 (iv) n = 4,1- 2. [Ans. (i) ls (ii) 2s, (iii) Зр (iv) Ад.] 
(b) Find the number of protons and neutrons in the following nuclei— 
(i) „Ре“ (ii) бое (iii) , Mg? (iv) O". 
31. (a) What is ће energy in Joule of a single photon of wave-length 250 x 10-*m ?[Ans. 7°95 х 10-!]] 
i (b) Find the wave-length of the radiated energy when an electron drops from n = 6 orbit to n = 5 orbit 
in hydrogen atom. [Ans. 74889 А] 
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32. An alom of an element contains 2 electrons in K shell, 8 electrons in L shell and 5 electrons in M shell. 
(а) Final out the number of protons, atomic number, total electrons in s orbital, total electrons in p orbitals and 
the valency of the element. [Ans. (i) 15, (ii) 15, (iii) 6, (iv) 9, (v) 3 апа 5] 
33. Calculate the wave-length of radiation emitted when an electron in H-atom makes a transition from an 
energy level with n= 3 to a level with n= 2. [Ans. 6°56 x 107 m] 
34. What must be the velocity of a beam of electrons if they are to display a'de-Broglie wave-length of 
100 A ? Mass of electron 9°1 x 10732 kg, h = 6'6 x 10% J-s. [Ans. 7°25 x 10° m s] 
(с) Give the electronic configurations of the following— (i) H~, (ii) Lit, (iii) F=, (iv) N, (v) Cu*, (vi) Рез. 
35. When would the wave-length associated with an electron be equal fo the wave-length associated with 

a proton? Mass of electron = 9°109 x 10728 g, mass of proton = 1°6725 x 10% g. 
[Ans. When the velocity of electron is 1836 time the velocity of proton.] 
36, Estimate the difference in energy between Ist and 2nd Bohr orbit for H-atom. At what minimum 
atomic number would a transition from n = 2 to n =1 energy level results in the emission of X-rays with wave- 


length = 3 x 10° m ? [Ans. 1°635 x 10 J, Z = 2] [LLT. '97] 
37. Calculate the ionisation energy of (i) one Li* ion, (ii) one mole Li ions. Rydberg constant R = 10974 
х 107 m’. [Ans. (i) 1'964 x 10?° J, (ii) 80 kJ mole] 


38. Calculate the velocity (cm sec) of an electron placed in the 3rd orbit of hydrogen atom. Also calculate 

the number of revolutions per second that this electron makes around the nucleus. 
[Ans. 7°27 x 107 cm sec, 2.42 x 10'4 sec] [Roorkee ‘87] 
39. Consider the hydrogen atom to be a proton embeded in a cavity of radius a, (Bohr radius) whose charge 
is neutralised by the addition of an electron to the cavity in vacuum, infinitely slowly. Estimate the average total 
energy of an electron in its ground state in a hydrogen atom as the work done in the above neutralisation process. 
Also if the magnitude of the average kinetic energy is half the magnitude of the average potential energy, find 
the average potential energy. [Ans. —e*/a,] [LLT. '96] 


€ Objective type Questions : 
Select the correct answer (5) 


1. Rutherford’s experiment on scattering of o: particles showed that the atom has 

(a) electrons (b) protons (с) nucleus (d) neutrons. [Ans. (с)] [1.1.T. ‘81] 
2. Rutherford’s a particle scattering experiment eventually led to conclusion that 

(a) mass and energy are related, (b) electrons occupy space around the nucleus, (с) neutrons are buried 


deep in nucleus, (d) the point of impact with matter can be precisely determined. [Ans. (b) ] (1.1.1. '86] 
3. Electro-magnetic radiation with maximum wave-length is (a) ultra violet, (b) radio wave, (c) X-ray, (d) 
infra red. я [Ans. (b)] [МІМА “911 
4. The lightest particle is (а) electron (b) proton (c) neutron (d) o particle. [Ans. (a)] 


5, The addition of a neutron into nuclear composition of an atom would lead to a change in 
(о) the number of electrons, (b) chemical nature of atom, (c) its atomic number, (d) its atomic учо, 
[Ans. (d)] 
6. When « particles are sent through a thin metal foil, most of them go straight through the foil because 
(a) a particles are much heavier than electrons, (b) a. particles are positively charged, (с) most part of the 
atom is emply space, (d) o: particles move with high velocity. [Ans. (a) (c)] [1.1.1. *84] 
7. The increasing order (lowest first) for the values of e/m (charge/mass) for electron e, proton p, neutron 
n and o-partide is (a) e, p, n, a (b) n, p, е, a (c) n, p, о, e(d) n, о, p, e [Ans. (d)] [L..T. '84] 
8. When the azimuthal quantum number (/) is 3, m can have (a) 1 value, (b) 3 values, (c) 5 valves, (d) 7 
values. [Ans. (d)] 
9. The two electrons present in an orbital are distinguished. by— (a) principal quantum number, (b) 
Azimuthal quantum number, (c) magnetic quantum number, (d) spin quantum number. (Ans. (d)][M.LN.R. *87] 
10. The orbital diagram in which the Aufbau principle is violated in 


2s 2p, 2p, 2p, 
(а) TL TE T In 
(b. ДЇ N 1 T 
i 1} 1 1 1 
(d) TL N м 1. [Ans. (Ь)] [LLT. 88] 
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11. Bohr's model can explain— 
(a) spectrum of hydrogen only, (b) spectrum of atom or ian containing one electron only, (с) the spectrum | 
of hydrogen molecule, (d) the solar spectrum. [Ans. (b)] П.Т. 85] 
12. A 'p' orbital can accommodate 
(a) 4 electrons (Ы) 6 electrons (c) 2 electrons with parallel spins, (d) 2 electrons with opposite spins. 
[Ans. (d) [MLNR 90] 
13. The principal quantum number of an atom represents 
(а) size of the orbital, (b) spin angular momentum, (c) orbital angular momentum, (9) space orientation 
of the orbital. [Ans. (a)] [MENR "90] 
14. Many elements have non-integral atomic masses because 
(а) they have isotopes, (b) their isotopes hove non-integral masses, (c) their isotopes have different masses, 
(9) the constituents neutron, protons and electrons combine to give fractional masses. [Ans. (a) (c]] Т. *84] 
15. Correct set of four quantum numbers for the outermost electrons of rubidium (z = 37) is 


(a) 5,0,0,+4 Ы 51,043 
(d 5,1, 1,+ i (b) 6,0,0, Hi [Ans. (а) ЫТ. *84] 
16. Which of the following sets of quantum numbers is not possible ? 
n | m 5 
taal ona ne 2 
(b) 4 0 0 2 
(с) 3 2 -3 i 
05 з 8. ; [Ans. (c]] 
17. The correct set of quantum numbers for the unpaired electron of chlorine atom is— 
n I m 
(ОМ рне ent a) 
(b) 2 1 1 
(с) 3 1 1 
(d) 3 0 0 [Ans. (c)] [I.L.T. *89] 
18. Which electronic level would allow the hydrogen atom to absorb a photon but not to emit a photon ? 
(а) 3s, (Ы 2s, (с) 2p, (9) 15. [Ans. (d)] [I.I.T. *84] 
19. The ratio of the energy of a photon of 2000 A wave-length radiation to that of 4000А radiation is— 
(a) (14 (d z (d) 2. [Ans. (d)] [L1.T. '86] 
20. The correct ground state electronic configuration of chromium atom is— 
(o)  [Ad3d54s (b) [А:13944 
(c) [Ar] 395 47 (а) [Аг] 44:2 [Ans. (а)) [L1.T. '89] 
21. How many unpaired electrons are there іп Ni? (z= 28) 
(a) 0, (02, (c) 4, (d) 8. [Ans. (b)] ЫТ. *81] 
22. The total number of electrons in 2:3 g of Na* ions is (a) 6.023 x 10%, (b) 6.023 x 1077, (c) 6.023 x 1020, 
(d) 3.011 x 102 [Ans. (а)] 
23. Which one of the following electronic configurations of the atom is possible ? 
(a) 13222 2p," (b) 1: 28 2p, 2p, 2p; 


(c) 13222 2p? 2p, (d) 152 22 39. [Ans. (o)] 
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24. Correct set of four quantum numbers for the electrons in the outermost orbit of calcium is 


(a) n=4, 120, m=0, sse, - V, 

(b) n=3, 1= 1, т=1, з=+!/, 

(с) n=4, I2 1, m=0, 5=-\/, 

(d) n=4, 122, mz2, s=+'/, [Ans. (а)] 


25. For a, d electron, the orbital angular momentum is (o) V6h (b) 2h (e) fi (d) 2h [Ans. (а)] (Ы.Т. 97] 

26. Fill in the blanks : 
(1) Thetransition of the electron in hydrogen atom from 4th to | st energy state emits a spectral line which 

falls in series. [Roorkee Eng. '90] 

(2) Atoms of same atomic number but different atomic weights are known a, [I.LT. 75] 
(3) The electronic configuration of helium is 1s? and that of oxygen is, ТИЛ. 74] 
(4) h/mis the angular momentum of electron in the ————orbit of He’. [Roorkee Eng. '90] 
(5) The uncertainty principle and the concept of wave nature of matter was proposed "e m 

(6) An orbital is the part oh ———around the nucleus in which the probability of finding the 

——is maximum. 

(7) Electrons in an orbital have———À— spins. 

(8) fForbitals can accommodate upto electrons. n 

(9) principle tells the sequence of filling the electrons in different shells. 

(10) ‘No two electrons in an atom can have the same set of four quantum numbers’ is the statement of 


[Ans. (1) Lyman EU (2) isotopes, (3) 1 rarae (4) Second (5) Heisenberg and de Broglie, (6) space, 
electron (7) opposite (8) 14 (9) Aufbau (10) Pauli's exclusion principle.] 


RADIOACTIVITY AND [f^ 
ATOMIC NUCLEUS I 


2.1. Natural radioactivity and its discovery. 

Like many other events of chemistry, the discovery of natural radioactivity is accidental 
which had a far reaching consequences in the further development of human civilisation. In fact 
very few branches of science are known where radioactivity had not made any impact in its 
development. The study of radioactivity and its application have enriched the frontier of — 
structural chemisty, physics, life science, agriculture and even medicinal science. A knowledge 
of this branch of chemistry has opened new idea about the internal structure of the atomic 
nucleus. Artificial transmutation of elements, nuclear reaction, discovery of synthetic elements, 
release of unbelievable amount of energy by the fission of uranium and atomic reactor etc., are 
all the gifts of this branch of science. 

In the last decade of nineteenth century, the French physicist Antoine Henri Becquerel 
(1852-1908) was engaged in furnishing a relation between X-rays and luminescence exhibited 
by uranium salts. In 1896 he wrapped a photographic plate in black paper, and placed a small 
crystal of potassium uranyl sulphate [K (UO) (SO4)3, 3H20] upon the black paper. The whole 
was then exposed to sunlight. On developing the photographic plate, to his utter surprise, he 

found the plate to be darkened which indicated that the uranium salt probably emitted a kind 
of ray that could penetrate the black paper. He further observed that these rays from uranium 
saltevenafterpenetrating thin sheets of aluminium and copper plates could blacken photographic 
plate— so high is the penetrating power of these rays! After a thorough investigation on the 
nature and the characteristics of the rays he came to the following conclusions — 

(i) Uranium salts spontaneously emitted a kind of ray that could not be controlled by any 
physical or chemical condition. 

(ii) The ray could fog photographic plate wrapped in black paper and could pass through 
thin sheets of metal foil which are opaque to ordinary light. 

(iii) The ray could ionise the air in its near vicinity. 

(iv) It could discharge a charged gold-leaf electroscope. 

These newly discovered rays were initially called “Becquerel rays" in honour of the 
discoverer. The term radioactive rays was coined by Мате Curie in 1898 and the phenomenon 
was called radioactivity. 

e Definition of Radioactivity : The spontaneous disintegration of certain atomic nuclei 
accompanied by the emission of alpha, beta or gamma radiation is called radioactivity. The 
emission of the rays and their activities are independent of temperature, pressure or the 
previous history of the material. Radioactivity is a nuclear phenomenon which is not 
connected with the outermost electronic configuration. 


2.2. Radioactive substances. 


Becquerel concluded in 1896 that both uranium and all its salts 
were radioactive. Following this observation M. Curie in 1898 
found that thorium and its salts were also radioactive. It was also 
observed by her and her husband Pierie curie that pitchblende, a 
mineral containing uranium was more radioactive than metallic 
uranium. This proved that pitchblende must contain at least one 
element which was much more radioactive than uranium itself. 
P. Curie and M. Curie following a prolonged and tedious extractive 
processes, finally succeded in isolating two radioactive elements 
polonium and radium, It is surprising that, only 0'2 g of radium can be isolated from 1 ton of 
pitch blende, but radium is about two million times more radioactive than uranium itself. 


Fig. 2.1 : M. Curie 
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Debierne (1900) detected another radioactive element in pitch blende. This was named 
actinium. 

The naturally occuring radioactiveelements are uranium, protoactinium, thorium, actinium, 
radium, radon and polonium. All man-made elements i.e., elements whose atomic numbers are 
more than 92 are radioactive. Sometimes artificial radioactivity can be induced into non- 
radioactive naturally occuring elements by bombarding them with suitable particles. 


2.3. Nature and characteristics of radioactivity. 

A thorough study on the different aspects of ‘natural radioactive elements reveals the 
following characteristics of radioactivity. 

(1) The atomic numbers of all natural radioactive elements are comparatively high (> 83). 
The nuclei of these elements contain large number of neutron (n) and proton (p) and the n / p 
ratio becomes greater than 1'5 and as such the nucleus becomes unstable and spontaneously 
emits alpha, beta or gamma radiation. 

(2) The rate of emission of these rays can neither be increased nor be decreased by change 
of temperature, pressure, environment or concentration. The spontaneous emission of the rays 
remains unchanged either in the extreme cold or at high temperature, in sunlight or even in the 
dark. The emission of the radiation can neither be accelerated nor retarded or even prevented 
by any means. 

(3) Radioactivity is а nuclear phenomenon. It is dependent upon the nuclear particles. 
When definite quantity of a radioactive substance is chemically combined with another non- 
radioactive substance and the radioactivity of the product is measured after isolating it in 
Geiger-Muller counter, it has been observed that the intensity of radioactivity remains 
unchanged. This is because of the fact that, the composition of the nuclei of the radioactive 
reactant and that of product remains constant. Chemically, however, they are quite different. 
Thus when 1g of Rais reacted with bromine and the radioactivity of the product radium bromide 
is measured, it has been observed that the intensity of radioactivity of both Ra and that of RaBr; 
remains the same because the composition of the nucleus of the metallic Ra and the nucleus of 
Ra atom in RaBr remains same. Hence it can be concluded that radioactivity is a nuclear 
property or an atomic phenomenon. 

(4) The radioactive process is governed by the law of radioactive decay which states that, 
the quantity of a radioactive element which disintegrates in unit time is directly proportional 
to the amount of radio element present at that instant. 

(5) Radioactive elements undergo spontaneous transformation from an atom of one element 
into atom of another element. The later, if radioactive, also breaks down to form new element. 
This process continues until a non-radioactive element is produced. This non-radioactive 
element is y; Pb 2%. E 

(6) Radioactive reactions are accompanied by the liberation of great quantity of energy in 
the form of heat which far exceeds the energy released in chemical reactions. The energy 
released when U?55 is bombarded with neutron (nuclear fission) is unbelievable, which is 
about 10? К cal mole^', whereas in a chemical reaction the energy released varies from 10 to 
100 k cal mole". 

(7) The rate of emission of radiations depends upon the source from which these are 
emitted. This is because of the fact that, the half life period of different radioactive elements are 
different. 

(8) A radioactive change is always irreversible process and is never reversible. 

(9) The radiation emitted by natural radioactive substance consists of 3 types of rays— 
alpha, beta and gamma rays. 
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(10) A radioactiveatom emits eitheranalphaora beta particle but never both simultaneously. 

(11) Whenever a pure radioactive element is kept for sometime, it will get contaminated 
with its successive daughter elements due to emission of œ, Band у rays. This is the reason why 
three radioactive rays are found to be emitted from a given radioactive source as it isa mixture 
of several daughter elements. 


2.4. Nature and properties of o, Вапа y rays. 

Henry Becquerel in 1899 observed that radiations emanated by radioactive substances were 
deflected by a magnetic field in the same manner as that of cathode rays, indicating the presence 
of negatively charged particles in the radiations. Ernest Rutherford concluded that radiation 
consisted of two rays namely сапа $. The third type of radiation was discovered by P. Villard 
in 1900 which was magnetically and electrically neutral. This radiation was named by him as 
gamma (у) ray. 

In order to investigate-the nature and characteristics of these radiations E. Rutherford in 

1902 carried out the following experiment. 

A piece of a radioactive substance (RaBr;) was kept in a lead block having a small hole in 
front of it. The radiations emanated from the source were allowed to pass through a narrow slit. 
The thin beam of rays thus obtained 

Photographic plate was then allowed to pass through a 
Strong strong electric field and strike on a 
j photographic plate as shown in the 


[7 
И figure. The whole arrangement was 


fi 
- um 
electric 
RaBr, kept in IN 


field +Ve 


kept under vacuum. Rutherford 
observed that under the influence of 
strong electric field, the radiations 


a lead block Narrow metallic slit 


were separated into three different 
types of rays and produced black 
Vacuum chamber spots at separate points on the 
photographic plate. (i) The rays 
Fig. 2.2: a, В & y rays which were deflected towards the 
negative electric field must be positively charged and were called alpha (0) rays. (ii) The rays 
which were deflected towards positive electric field were called beta (B) rays. They are 
negatively charged. (iii) The third type which remained undeflected were called gamm rays (у). 
They are electrically natural. This experiment conclusively proved that the radiations were a 
conglomeration of three types of rays namely— positively charged alpha rays, negatively 
charged beta rays and neutral gamma rays. 

The nature and properties of these radiations are discussed below. 

(1) Alpha (o) rays : 

The rays which undergo deflection towards the negative pole in the electric or magnetic 
field are called alpha rays. 

(i) Nature, charge and mass : (a) Nature: Alpha rays consist of positively charged material 
particles carrying two units of positive charge and having mass which is four times that of 
hydrogen atom i.e., the o-particle is a helium ion carrying two units of positive charge. Hence 
it can be concluded that a-particle is a helium nucleus and consists of two protons and two 
neutrons firmly bound together. (b) The charge to mass ratio is 4 813 x 10? e.m.u. per g. The 
magnitude of the charge carried by an a-particle is 9°3 x 10-9 e.s.u. = 31 x 10- coulomb. 
(c) The mass of an alpha particle is equal to 6`4 x 107 р. 

(ii) Velocity : The velocity of o -particle is 20,000 km to 30,000 km per second which is 
'/ oth that of light. 


Exhaust pump 
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(iii) Kinetic energy : Although the velocity of an о particle is much less than that of a 
B-particle, it has considerable kinetic energy because of its appreciable mass. This explains 
why the a-particle can sweep the electrons when they strike a thin metal foil (scattering of 
a-particle by thin metal foil— Rutherford’s experiment). 

(iv) Lonising power— ionisation of air or gases : Since a-particles possess considerable 
quantity of kinetic energy, it can knock out electrons from molecules of gases when passed 
through it. As a result of which, the gas becomes ionised. The ionisation power of a-particles 
is maximum. 

(v) Penetrating power : Since the o-particles have comparatively large mass, they possess 
greater momentum but relatively less penetrating power — least penetrating power among the 
three rays. & -rays can penetrate about 7 cm of air at atmospheric pressure or a thin sheet of 
aluminium foil which is less than '/,,th of a millimetre thick. 

(vi) Biological action : The toxic action of a-rays on animal tissue is much less than that 
of B or y rays. 

(vii) Luminescence : о-тауѕ cause luminescence when strike on a zinc sulphide screen 
arid each @-particle produces a definite flash which is observed through an eye piece. This is 
the principle of the apparatus known as spinthariscope used in the quantitative estimation of 
a-particle by counting the number of flashes. 


(viii) Nature of product : The product obtained by the loss of 1 alpha particle from a radio- 

active substance, has atomic number less by 2 units-and mass number less by 4 units e.g., 
-a 
А" ыш аЙ? 

€ Velocity and range of alpha particle. 

As already mentioned, the velocity of a-particle is of the order 172 x 104 to 30 x 104km per sec. It is 
further observed from the deflection of a-rays in electric and magnetic field that the initial velocity of these 
particles depends upon the source from which they emanate, Range of a-particle is defined as the distance 
in air from its source before it loses its characteristic properties. Thus the statement ‘range of a-particle is 
8.62 cm’ means that upto 8°62 cm in air from a source, the a-particle maintains its ionisation power as 
as other properties, beyond 8°62 cm it becomes helium atom by accepting 2 electrons from the atmosphere. The 
range (R) of a-particle is related to its initial velocity (Vo) by the equation, Vî = KR, where K is constant whose 
value is estimated to be 1 x 107. The range of the с-ратісіеѕ depends upon (1) initial velocity, (2) nature of 
source and (3) nature of the medium through which they pass. 

@ Determination of Avogadro’s number from study of a-rays. 

During his investigations on the properties of a-rays, E. Rutherford presented a novel method of 
evaluating the magnitude of Avogadro’s number by counting the total number of a-particles. He observed 
that 1 g of radium produced about 0:043 ml of helium gas at N.T.P during the emission of a-particles from 
radium in one year. He further observed that during the same course of time 19 of radium emitted 11°6 x 107 
a-particles. ^ 

It was then argued by him that since each a-particle yielded one helium atom or molecule, 0'043 ml of helium 
must contain 11°6 x 10'7 atoms or molecules. 


*. 0.043 ml of helium at N.T.P. contain 11°6 x 10" molecules 
11°6 x 10" x 22400 
0'043 

= 6'04 х 10% molecules. 

By definition, this is the Avogadro's number. The value obtained by this method is very close to the value 
obtained by other methods. 

e a-particle is a helium nucleus— Proof. 

The presence of helium in all radioactive minerals, continuous emission of helium from radium. and 
dejermination of e/m of a-particle, led Rutherford to believe that a-particles were made up of helium atoms 


22400" "ин" 
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bearing two units of positive charge i.e., of helium nucleus. The identity of a-particle with helium nucleus was 
confirmed by Rutherford and T. Royds (1909) by an apparatus which is shown here (Fig. 2.3). 

The apparatus consists of a thin walled glass tube (B) enclosed by a thick walled 
glass tube (A). The upper portion of the tube (С) is sealed at the top, through which 
two electrodes are inserted. (C) is called spectrum tube. Some pure radioactive gas 
radon is introduced in (B). The tube (A) is evacuated by a pump through the side tube 
(D). After а couple of days, a-particles emitted by radon penetrate the glass wall of (B) 
and are collected in the tube (A). The gas is compressed by raising the mercury column 
in (D) and is led into the spectrum tube (С). An electric discharge is passed through the 
gas in (C). Analysis of the resulting spectrum showed the presence of helium. This 
confirms that a-particles are nothing but helium nucleus. 

е All radioactive minerals invariably contain helium— Explain. 

We know that a-particles are positively charged particles carrying 2 units of 
positive charge and a mass of 4 units, so that they are identical with helium nucleus. 
Radium, uranium, thorium etc., are a-emitters. These elements spontaneously emit 
a-particles irrespective of their states. «particles may be represented as He** ion. 
Radioactive minerals namely pitch blende, thorianite etc., contain the above radio- 
active substances and so they spontaneously emit a-particles i.e., Не'* ions. These 
Het ions capture 2 electrons from the atmosphere and are converted to He atoms and 
slowly converted into gas. : 


He* + 2e — He 
Fig. 2.3 This helium gas, thus slowly formed by the above mechanism is stored in the layers 

of the minerals which can be released either by strong heating of the finely divided mineral or by treating with 
suitable chemical reagents. ў 

(2) Beta (B) rays : S 

(i) Nature, charge and mass : (a) Nature : From the study of the deflections in electric and 
magnetic field, beta rays are identical with cathode rays. f) particles are deflected towards the 
positive pole of the electric and magnetic field. Measurement of their charge to mass ratio 
shows that they consist of a stream of electrons. (b) Its charge is 4'8 x 10° e.s.u. or 1°6 x 1079 
coulomb. (c) The mass of B particle is negligible. It is only 1/1856 times that of an atom of 
hydrogen i.e., mass of a B-particle is 0000548 a.m.u. 


(ii) Velocity : Velocity of these particles is 2°36 x 10* m/s to 2:83 x 10* m/s i.e., 3/5 to 
9/10 parts of that of the velocity of light. 

(iii) Kinetic energy : Though the velocity of f-particle is very high but as the: mass 
of a B-particle is negligible, the kinetic energy of f-particle is much lower than that of 
alpha particle. 

(iv) Ionisation power : They can cause ionisation of air but the effect is much less than that 
of o-particle because they are much lighter than @-particles. 


(v) Penetrating power : B-particles have considerable penetrating power. This is attributed 
to their high speed. They can penetrate several millimetre of aluminium or about 3 mm thick 
lead block. 


(vi) Biological action : They cause considerable damage to the animal tissue. 

(vii) Luminescence : B-particles cause very little luminescence when they strike zinc 
sulphide plate. 

(viii) Nature of product : The product obtained by the loss of 1 B-particle from а 
radioactive substance, has atomic number greater by 1 unit without any change in mass 
number e.g., -p 

A" ME a i zB” 
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(3) Gamma (у ) rays: 

The ray which was undeflected by both magnetic and electric field in Rutherford's classical 
experiment, is gamma ray. 

(i) Nature, charge and mass : (a) Nature : Since y-rays are not deflected by electric or 
magnetic field it is suggested that y-rays аге nothing but electromagnetic radiation analogous 
10 X-rays. The rays contain high energy photons. This ray has much smaller wave-length of the 
order 10°! to 10 metre. They have the shortest wave-length except for cosmic rays (b) they 
are electrically neutral and possess no mass. 

e Cause of emission of y-rays : 

It was earlier believed that y -rays are emitted simultaneously with that of с or -particles, but the works 
of L Meitner (1925) have proved that ће y -rays emission is а secondary effect of nuclear disintegration. 
When a or В-рагісіез are discharged from the atomic nucleus, the daughter nucleus attains a high energy 
excited state. This excess energy is then emitted in the 


form of radiation and thus the daughter nucleus Gamma ray 
becomes stable. 
‘An alternative. explanation of y-rays radiation Я 

was attributed to ће zt ibd in һе et quantum os co — 
number of the parent and the daughter nucleus. If 
they differ considerably, the decay will then cause an 
excited state of the daughter nucleus. In this case y -ray 
emission takes place with the simultaneous attainment He nucleus 
of stability of the daughter. Whenever а radioactive 
nucleus emits y-ray, the mass and charge of it 
do not change— only the internal energy of it is E 
decreased. Fig. 2.4 : 


(ii) Velocity : The velocity of y-rays is identical with the velocity of light i.e., 3x 10* m 
per sec. 

(iii) Penetrating power : The penetrating power of y-rays is maximum. They can pass 
through 0.15 metre thick steel or 750 mm thick lead. 


or electron Neutron 


Alpha particle 


Radioactive 
substance 


D-particle 


N 
0.1 mm thick 5 mm thick 750 mm thick 
Al foil Al plate lead plate 


Fig. 2.5 : Comparison of the penetrating power of a, B & y rays 
(iv) Ionisation power : As they are uncharged, they can ionise air or gas to a very small 
extent. 
(v) Biological action : They are highly harmful to animal tissue. 
(vi) Luminescence : y-rays can cause luminescence and can attack photographic plate 
more effectively than f-rays. 
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2.5. Comparative study of the properties of о, B and y-rays. 
A comparative study of the three rays is recorded in the following table : 


(1) Nature 


Не? ions or He nuclei 


Stream of electrons 


A form of electro-magnetic 


represented as ;He* It is represented as ле? | waves of very short wave 
or He length (0.5À to 0.005A). 
(2) Mass (H = 1) 1 4 a.m.u. 0.000548 a.m.u No mass 
in a.m.v. mass = 1/1836 of 
is Hoan | | 
(3) Charge Carries positive charge of | Carries negative charge | 0 


2 units = 9'6 x 10710 
e.s.u. or 3:2 x 107? 
coulomb 


of 1 unit = 1°6 x 10°77 
coulomb = 4°8 x 10° 


ези. 
(4) Velocity 20,000 to 30,000km | 2:36 108 to 2:83x әј Same as that of light, 
per sec metre per sec 3 x 105 metre per sec 
(6) Penetrating Minimum— 0`1 mm thick | Fifty times more than that | Maximum— even 750 пт) 
power aluminium foil can stop of ocparticle. It is stopped | thick Pb plate can not stop it 
it. by 5 mm thick aluminium 
i foil. 
(7) Relative 1 100 10,000 
penetrating power 
(8) lonising power | Maximum Less than aray but more | Very low— comparable 
than y-ray to X-ray | 
. | (9) Relative 10,000 100 1 
ionising power 
(10) Action on pho-| Attacks photographic Attacks photographic Attacks photographic 
tographic plate plate plate plate. 
(11) Effect on elec- | Small deflection from Large deflection from Remains 
tric and magnetic | its path. Deflected its path. Deflection unaffected, 
field towards negative pole d towards positive pole | 
(12) Kinetic energy | Large Small Nil 
(13) Biological Less toxic towards More toxic towards Most toxic towards р 
К action animal tissue. animal tissue. animal tissue. 
| (14) e/m ratio 0.5 ا‎ 1837 Zero 
(15) Effect on zinc | Produce scintillation Less effect. Very little effect. 
sulphide screen on ZnS screen 
(16) Effect on thin | Most of the a particles В rays are scattered No scattering— pass 
sheet of gold foil | pass through the when passed through through the gold 
gold foil without thin gold foil foil without any deflection 
deflection. Very few are 
deflected and 1 in 20,000 
particles is deflected more 
than 90°. 
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* e Experimental evidences of the presence of radioactive rays— Detection of radioactivity. 
(1) By gold leaf electroscope : In the early days of radioactivity M. Curie and H: Becquerel proved the presence 
of radioactivity with the aid of a gold leaf electroscope. Whenever a radioactive substance was brought close to 
a charged gold leaf electroscope, the later was immediately discharged i.e., the leaves come back to vertical 
position. 
(2) Geiger-Muller counter : The most convenient way of recording the presence of radioactivity both 
qualitatively and quantitatively is by Geiger Muller counter, a schematic diagram of which is shown below : 


UE 


Amplifier 


—- 


Argon atom. 


Fig. 2.6 : Geiger-Muller counter 

The apparatus consists of a metal cylinder (C) through which passes a fine wire (A). The cylinder. acts as 
cathode and the fine wire (A) acts as anode. The cylinder has a mica window through which passes radioactive 
radiation. Pure argon gas ata low pressure is introduced into the cylinder. About 1000 volt is maintained between 
the two electrodes. Under this condition no current passes between the anode and cathode. A radiation, say 
B-particles are allowed to introduce inside the cylinder: The charged -particles ionise the argon gas and as а 
result the positively charged argon atoms are attracted towards the cathode and the electrons towards the anode. 
Thus the tube is discharged and current starts flowing, which can be easily detected. Normally the metal cylinder 
is filled with 90% argon and 10% ethanol vapour at 10 mm pressure. The G.M. counter is normally connected 
to on electronic apparatus which records the number of pulse which determines the intensity of radioactivity 
quantitatively. 

(3) Fluorescence method : Whenever radioactive radiations strike а zinc sulphide screen, flashes of light are 
produced (Scintillation), By counting the number of scintillation produced per unit time at different intervals we 
can find out the total number of radioactive particles (normally a-ray) emitted, since the intensity of luminescence 
is directly proportional to the intensity of radioactivity. 

2.6. Theory of radioactive disintegration. 

According to the theory of radioactive disintegration put forward by Е. Rutherford and 
F. Soddy (1903), the atoms of radioactive elements undergo spontaneous disintegration with 
the emission of & or B-particles leading to the formation of daughter elements which are 
different from that of the parent atom, both in physical and chemical properties. The daughter 
element, if radioactive, also emits radiation with the formation of another new element. In this 
way, if the successive daughter elements are unstable and disintegrate further, quite a series of 
radioactive elements would be produced. The process would stop until a non-radioactive stable 
clement is formed. The mass number, atomic number and other properties of the daughter 
element are controlled by the emission of only and B-particles. Loss of y-rays does not affect 
these properties, only the nucleus changes from higher energy state to lower energy state. 

(i) Loss of a-particles : Loss of one a-particle causes the decrease of 4 units of mass number 
and 2 units of atomic number i.e., the daughter element will have mass number less by 4 units 
and atomic number less by 2 units, than its parent element. As a result, the daughter element 
will be a new element from its parent having separate physical and chemical properties. Thus 
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Ra atom of mass 226 and atomic number 88 when emits one a-particle, is transformed into Rn 
with mass number 222 and atomic number 86. 
s Ra?26 —— gon??? iu ;He* 


(a-particle) 
88e— 88е— 0e 
88p 86р 
— و‎ 
Neutral Ra atom Rn He** or a-particle 


Since ac-particle is He**, the resulting Rn would be expected to be Rn?” ion. The excess or 
shortage of electron outside the nucleus is easily adjusted by the exchange with surrounding 
medium. Thus о-рагіісІе captures two electrons from air and becomes neutral helium atom. 
Rn~ similarly gives up two electrons to air and becomes neutral radon gas. 

Generally speaking, if an atom А of mass number т and atomic number Z emits one 
a-particle, the offspring (B) will have mass number (m — 4) and atomic number (Z-2). 

zA" ———> :2В"* + Het 

(ii) Loss of B-particle : When a radio element emits а B-particle no change in atomic mass 
of the daughter elementis observed, since the mass of an electron is negligible. Butthe emission 
of a B-particle causes an increase of one unit in atomic number. Thus oo Th?* is converted into 
o Pa? by the loss of one B-particle. 

oo Th? 


Th alom Th* 

In practice Th* ion thus produced, gains an electron from the surrounding medium and the 
B-particle thus released is accepted by the outer electronic system of one atom or another. 

Thus a radioactive element A with atomic number (Z) and mass number (m) when emits a 
B-particle, forms a daughter element (B) whose mass number remains m but atomic number 
becomes Z + 1. 

zA” ——_> mB” + e? 

e From which portion of the atom do f-particles emit during radioactive radiation ? Give reasons in 
support of your answer. 

Beta particles are nothing but electrons. But electrons occur outside the nucleus of any atom. Consequently 
the question may arise whether the extra nuclear electrons of an atom are emitted during f-emission. As a matter 
of fact, radioactivity is primarily a nuclear phenomenon and so the f-particles emitted during the radioactive 
radiation come from the nucleus of an atom. The emission of B-particles from the nucleus is due to the conversion 
of neutrons into electrons and protons. It is now believed that during the emission of a B-particle, a neutron is 
converted into a proton, an electron and a neutral particle neutrino (оу 9). 

on — Н! + цео + уо 
neutron proton electron neutrino 

lt is this electron which is actually emitted as particle. As a result, ће number of protons in the daughter 
nucleus is increased Бу one unit during beta emission which causes the increase of atomic number by 1 unit. 
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2.7. Disintegration series. 

According to the theory of radioactive disintegration, radio elements emit œ- or B-particles 
(but never капа B simultaneously) until a non-radioactive stable isotope is formed. Most of the 
natural radioactive elements exist in nature as a number of radioactive isotopes. All the known’ 
species belong to one of three definite chains of successive decays: These chains constitute the 
radioactive families. Three such radioactive disintegration series have been recorded in nature. 
These are (1) Uranium series, (2) Actinium series and (3) Thorium series. The three series are 
sometime known as the 4n (Thorium), the 4n+2 (Uranium) and 4n+3 (Actinium) series, 
because the mass numbers of the particular series are either divisible by 4 or by 4 with reminders 
of 2 and 3 as the case may be. 

Four disintegration series are given below : 


The (4n + 1) i.e., neptunium series is observed only with certain artificially radioactive 
elements, while the rest three are natural series. 

(i) The end product in 4n + 1 series is bismuth but in the other three series a stable isotope 
of lead is the end product. ` 

(ii) (4n + 1) series actually starts from plutonium but as neptunium is the longest lived 
element of this series, it is known as neptunium series. 

The uranium series in which radiùm is included is given below along with their atomic 
numbers, mass numbers and half life periods. 


В 
U —©=—э тнг ARN {Ра — „ум ШЕЛ Th? aiias „Ка? 
4'5 x 10? yrs 24'5 days 11 min 27 x 105 yrs 8'3x 104 yrs 1590 yrs 
а 


„Pb? AZ , po? ghe gBi?* «урын qux au „Po quum „Rn? 
1 yrs 15x 10sec 197 min 26'8 min 3'0 min 3'8 days 
P 
BP > „Po OE Pb 
5'0 days 140 days lead (stable) 


2.8. The group displacement law and the periodic table. 

An explanation, as to how two radio elements having different mass numbers can have the 
same chemical properties or how two elements having same mass number can possess different 
chemical nature, is provided by the Group displacement law enunciated independently but 
almost simultaneously by Soddy, Fajan and Russel. This iscommonly known as Soddy-Fajan 
Group displacment law or Law of shift which provides us a method of accomodating the 
radioactive elements in the short space of periodic table. The law states that, 

when a radioactive element emits an alpha particle, the product is displaced two places to 
the left of it in the periodic table, that is, the atomic number is two units less than that of its parent 
element, but the emission of a beta particle results in a displacement of one place to the right 
of the parent element in the periodic table, i.e., the atomic number of the product becomes | unit 
greater than that of its parent element, 
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Explanation : We know that a@-particle is a helium nucleus consisting of 2 protons and 
2 neutrons. Consequently, the emission of an @-particle from a radioactive element causes the 
decrease of mass number by 4 units. Due to the loss of two protons, the atomic number of the 
daughter element falls by two units. As a result, the daughter element thus formed moves two 
places to the left in the periodic table, from the parent element. 

P-particle is an electron which is emitted from the nucleus of a radioactive element. It has 
been postulated that a neutron is converted to a proton, an electron and nutrino. This electron 
is emitted as B-particle and as a result the number of proton in the nucleus is increased by one 
unit. Thus the positive charge i.e., the atomic number increases by one unit. As a result, the 
daughter element thus formed by the emission of f-particle, moves one place to the right from 
the parent element, in the periodic table. 

Example : ;4Po?'5 belongs to group VI in the periodic table. By losing one alpha particle 
it is converted to radioactive lead ;;Pb?'! which occupies group IV. Thus it is seen that the 
daughter element Pb? is displaced two places to the left in the periodic table from the 
parent element. Now, y;Pb?!! belongs to group IV in the periodic table. By losing one f-particle, 
it is converted to „Bi! which occupies group V, i.e., one place to the right from its parent 
element ›РЬ?!!. 


Thus successive emission of one alpha and two f+particles brings a radioactive element 
back to its original position in the periodic table, though its atomic mass is decreased by 4 units, 
that is, an isotope is formed. 


The positions of the products of disintegration of U-238 series in the periodic table is shown 
here by applying the group displacement law. 


<— Mass number—> 


<———— Atomic number gy 
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It is observed in the above table that Ra occurs in group IIA . It emits -particle to form 
so Rn which occupies two places to the left i.e., in zero group from the parent element radium. 


„Ra? — — 3 „Rn + He“ 
Group ПА Group 0 


еп again emits two @-particles to form y;Ra B (an isotope of Pb) which occupies group 
IV A. The latter releases one B-particle to form Ra C (Bi-214) which occupies group V A 
(Ra C is an isotope of Bi). Ra E (Bi-210) emits a beta particle resulting the formation of 
Ra Е (Polonium-210) which belongs to Gr VI A i.e., one place to the right of its parent element 
Bi-210. 

2.9. Law of Radioactive Decay— Radioactive constant. 

It was observed by Rutherford and Soddy (1902), that when excess NH4OH was added to 
thorium nitrate, a white precipitate of thorium hydroxide was formed. It was filtered and the 
filtrate was completely evaporated to dryness and slowly heated to drive off any ammonia. A 
residue was recovered from the filtrate which they called Thorium-X. 

At first it was observed that the thorium hydroxide precipitate was totally non-radioactive 
but the small residue (Th-X) obtained from the filtrate, carried all the radioactivity. But after 
some days, they observed that Th-X was losing its radioactivity while thorium hydroxide 
precipitate was gaining radioactivity at the same rate. It is shown in the Fig. 2.7. 
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The shape of the curve shows 100 
that .radioactivity decreases 
exponentially. 

The law of radioactive decay 
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states that, the rate ofa radioactive E^ 
Species i.e., the number of atoms 3 604 
disintegrating per unit interval of 2 
time is directly proportional to the. 2 


total number of atoms of that 
species present at that instant. 
Hence the decay of radioactivity 
follows first order kinetics. 
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Suppose a radioactive element ——{ т cim Ышы ЕРЕ | 
Mis disintegrating to form another 3 10 15 20 25 30 
element D. Let the total number of Fig. 2.7 


atoms of М at the beginning i.e., at t = 0 be Му. Now the element М undergoes continuous 
disintegration with the formation of daughter element D. Consequently the number of atoms 
in M decreases continuously. Now in time г, let the number of atoms left in M which are not 
disintegrated be М. 

Ifd N be the number of atoms of M which disintegrates in a small time dt, then the rate of 


disintegration of M into D is equal to 2, 
Now — а must be proportional to the number of atoms N present іп M at that instant 
dt 
Е dN ам > 7 
ie. р" М on = Е араара аа e r (i) 


А is a constant called radioactive constant or decay constant. It is.a specific property 
of a radio element and hence a radio element can be identified by its decay constant value of 
A. It is independent of physical conditions or chemical combinations. As the intensity and 
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Explanation : We know that @-particle is a helium nucleus consisting of 2 protons and 
2 neutrons. Consequently, the emission of an particle from a radioactive element causes the 
decrease of mass number by 4 units. Due to the loss of two protons, the atomic number of the 
daughter element falls by two units. As a result, the daughter element thus formed moves two 
places to the left in the periodic table, from the parent element. 

B-particle is an electron which is emitted from the nucleus of a radioactive element. It has 
been postulated that a neutron is converted to a proton, an electron and nutrino. This electron 
is emitted as -particle and as a result the number of proton in the nucleus is increased by one 
unit. Thus the positive charge i.e., the atomic number increases by one unit. As à result, the 
daughter element thus formed by the emission of fl-particle, moves one place to the right from 
the parent element, in the periodic table. 

Example : „Ро?!5 belongs to group VI in the periodic table. By losing one alpha particle 
itis converted to radioactive lead s;Pb?'! which occupies group IV. Thus it is seen that the 
daughter element 4;Pb?!! is displaced two places to the left in the periodic table from the 
parent element. Now, y;Pb?!! belongs to group IV in the periodic table. By losing one f-particle, 
it is converted to «Bi! which occupies group V, i.e., one place to the right from its parent 
element y;Pb?!!, 


Thus successive emission of one alpha and two f-particles brings a radioactive element 
back to its original position in the periodic table, though its atomic mass is decreased by 4 units, 
that is, an isotope is formed. 

The positions of the products of disintegration of U-238 series in the periodic table is shown 
here by applying the group displacement law. 


<— Mass number—> 


<———— Atomic number gy 
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It is observed іп the above table that „Ка occurs in group IIA . It emits o-particle to form 
gon which occupies two places to the left i.e., in zero group from the parent element radium. 


„Ra? ——» Rn? + Het 
Group ПА Group 0 

Кп again emits two a-particles to form «;Ra В (an isotope of Pb) which occupies group 
IV A. The latter releases one B-particle to form Ra C (Bi-214) which occupies group V A 
(Ra C is an isotope of Bi). Ra E (Bi-210) emits a beta particle resulting the formation of 
RaF (Polonium-210) which belongs to Gr VI A i.e., one place to the right of its parent element 
Bi-210. 

2.9. Law of Radioactive Decay— Radioactive constant. 

It was observed by Rutherford and Soddy (1902), that when excess NH,OH was added to 
thorium nitrate, a white precipitate of thorium hydroxide was formed. It was filtered and the 
filtrate was completely evaporated to dryness and slowly heated to drive off any ammonia. A 
residue was recovered from the filtrate which they called Thorium-X. 

At first it was observed that the thorium hydroxide precipitate was totally non-radioactive 
but the small residue (Т -Х) obtained from the filtrate, carried all the radioactivity. But after 
some days, they observed that Th-X was losing its radioactivity while thorium hydroxide 
precipitate was gaining radioactivity at the same rate. It is shown in the Fig. 2.7. 


The shape of the curve shows 100 
that -radioactivity decreases 
exponentially. 

The law of radioactive decay 
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states that, the rateofaradioactive = 
species i.e., the number of atoms Е $04 
disintegrating per unit interval of 2 
time is directly proportionalto the <2 


^ 
total number of atoms of that 
species present at that instant. 
Hence the decay of radioactivity 
follows first order kinetics. ` 
Suppose a radioactive element 
Miis disintegrating to form another 
element D. Let the total number of Fig. 2.7 
atoms of M at the beginning i.e., at t = 0 be No. Now the element M undergoes continuous 
disintegration with the formation of daughter element D. Consequently the number of atoms 
in M decreases continuously. Now in time г, let the number of atoms left in M which are not 
disintegrated be М. 
If d N be the number of atoms of M which disintegrates in a small time dt, then the rate of 


disintegration of M into D is equal to JN, 
Now — an must be proportional to the number of atoms N present in M at that instant 
t 
L6; LTEM N ог, aN О iab ten lesa ee (1) 
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A is a constant called radioactive constant or decay constant. It is.a specific property 
of a radio element and hence a radio element can be identified by its decay constant value of 
À. It is independent of physical conditions or chemical combinations. As the intensity and 
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the number of atoms of M decreases with time, the rate of disintegration is denoted by a 
negative sign. 


N 
From eqn. (1) we got- AN =A.dt or, s =A [ш 
No 
or, In № уо, me Hn ШИИНИН (2) 


[This can be deduced as follows : = Es = A. dt. This on integration gives 
-InN=At+C, Cis the integration constant. 

When t= 0, C=- [n № (putting N= №) 

Substituting this value of C in the above eqn. 


= n N= àt- In N or, -Ín N+ Іп № = А 
ог, т^ 22] 
From equation (2) converting to ordinary logarithm i.e., logo, we get, 
N 2°303 N 
2.303 log T =r or, A= TET log 7 vetet (3) 
ог, SA SN en fion in BRUM: tyne (4) 


2.10. Half life period. 
Half life period of a radioactive element is the time required by a given amount of the 
element to decay to one-half of its initial value i.e., the time for the activity of a radio-element 


to be reduced to half of its initial value. 
The statement ‘The half life period of 


radium is 1580 yrs" means that, if we start 
with Ig of radium today, 0.5 р of Ra will 
remain after 1580 yrs. Again, 0.125 g of Ra ` 
will remain after 3160 yrs and the rest will 
be disintegrated. 

The half life period of a radioactive 
element may vary from few seconds to 
several thousand years. Thus the half life 
period of uranium (j;U?**) is 4°5 x 10° yrs 


5 but that of Pa?* is only 1°14 minute. 
үү As for example, let us take an 


element whose half life period is 4 hrs. If 
the initial activity be 100, then after 4 hrs 
50% activity will be disintegrated and 

Fig. 2.8 50% activity will remain. Again after 
4 hrs 25% activity will remain and in the next 4 hrs 12°5% activity out of 100% will 
remain. This is illustrated in the following graph. Thus, whatever might be the amount of 
radioactive element present at a time, it will always disintegrate to its half at the end of one 
half life period. The actual amount of a radioactive substance which is disintegrated in each 
half life period interval, is less than the amount which was disintegrated in the preceeding 
half life period. This phenomenon is expressed in the form of a table where m represents 
the amount of a radioactive substance at the start i.e., when time — 0 and Ty represents опе 
half period of the element. 
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Thus it is obvious that the decay graph will never touch the time axis. This indicates that 
radioactive element never disintegrates completely— in other words, the time for total decay 
will be infinity. 


In general, since the activity is reduced to '/2 of its initial value in time tıp, the fraction which 
remains after n such intervals i.e., after time n X typ will be (*/)". Although this fraction is very 
small, it can never be zero theoretically. 

Mathematically, the value of half life can be deduced from equation (2), 


No N. 
In y =At or, l WU 
Now putting N/ No = 1/2 and t = ty; (йг = half life period) we get, 
In l--Àns or, їп1-1п2= -Atn 
ог, n2-2AÀty; or h- m 


orca 2'303 log 2 _ 2:303 x 0°3010 
А À 
:693 
ог, 2= pes 


Half life period is thus inversely proportional to its decay constant. It is seen that a large 
value of decay constant gives a small value of tin. 

€ Average or Mean life period (7) : 

The concept of average or mean life period of a radioactive species was suggested by Soddy in 1904. The 
life of a radioactive species during its disintegration indicates that it can have life period from zero to infinity. 
Average life period is obtained by multiplying every possible life period from zero to infinity by the number of 
atoms having that expectation of life and dividing by the initial number of atoms when t='0. It is denoted by Т 


ECAN POE ЛАК Up a gS Sao 6 
ДЕ 6) 


We know N= №е or, = E = А No e*! omitting negative sign, dN = А Noe! dt 


Substituting (7) in equation (6), т «jua = -fia 
0 0 
p] j rài dt li ZD ed 1 
2-[te ү: gAn - le lie 


0 
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Average life is thus the reciprocal of decay constant. 
Thus fii 40693. adr 1 
А А 


z Я EU. РИМУ 
So, the avarage life period Т = m 3593 " 1°44 x tye 


Hence the average life of a radioactive element is m = 1:44 times greater than ils half life period. 


е Geiger Nuttall Rule : An emperical relationship between the decay constant (2) of a radio element 
and the range of the particles emitted by it was given by Н. Geiger and J. М. Nuttall— commanly known as 
Geiger-Nuttoll rule. 
If log Ais plotted against log R i.e., the range of alpha particle for 
a series of natural radioactive elements, a straight line is obtained for 
the three radioactive series (Fig 2.9). The relationship is log A= a + b 
log R. The slope b, is same for all the series, while slope ais constant, 
log b but different for different series. 
The rule is important because the life period of all types of 
radioactive elements соп be estimated by it. 
Again since Và = KR where Vo = Initial velocity of a-particle, the 


logR relationship can be utilised in finding the initial velocity of the a- 
particles emitted by a radioactive element. However the method fails 
Fig. 2.9 completely in case of В-етіѕзіоп. 


ө Units of radioactivity : 

(1) The most commonly used unit in radioactivity is curie (c). 

Curie is defined as that amount of any radioactive substance which gives 37 x 10!" 
disintegrations per second (dps). 


ie. lcurie (c) 2 377 x 10'? dps 
1 milli curie (mc) = 377 x 10? dps 
1 micro curie (ис) = 377 x 10* dps. 
or, 1c=10'mce = 10% uc. 
(2) Rutherford recently introduced a unit of radioactivity which is known as ‘Rutherford’. 
It is defined as the amount of a radioactive substance which undergoes 10° disintegrations per 
sec (dps). 
ie, 1 Rutherford (rd) = 105 dps 
1 milli Rutherford (тга) = 10? dps 
| micro Rutherford (рга) = 10 dps. 
(3) In S. I. system, the unit of radioactivity is becquerel (Bq). 
„1 becquerel (Bq) = 1 disintigration per second. 


2.11. Radioactive equilibrium. 

Since а radioactive element is in the process of continuous disintegration, it is never found 
in the pure state. Even if it is purified at any instant, it will be found to be contaminated with 
successive daughter elements after a lapse of time. п any series, when the rate of formation of 
a daughter element is equal to its disintegration, an equlibrium is set in. This equilibrium is 
known as radioactive equilibrium. 

Let us consider the following radio-elements A, B, C, D etc., forming successive members 
of a decay series, is in equilibrium. 

A>B>C>D 
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If the rate of decay of B is the same as its rate of formation from A, then the amount of В 
will remain constant. 
ам, _ dNs dNc dN, 
Hence 757 = gem and so on, 
where Na, Ng, Nc and Np are the number of atoms of A, B, C and D respectively at 
equilibrium. 3 
ог, AAN4 = Ав№ = AcNe 9 ÀApNp 
Na As 
т, oars E 
lo Т 
Therefore, at equilibrium the amounts of different radioactive elements present, are 
inversely proportional to their respective decay constants. 


дї Ls 1 E РЕ 2 
Again since À ec їл Oh * i , the amounts of different radioactive elements are directly 


proportional to their half life periods and average life periods. 

It is to be noted that the mechanism of radioactive equilibrium is quite different from 
chemical equilibrium. Thus (i) while chemical equilibrium is a reversible process, radio- 
active equilibrium is an irreversible process. 

(ii) Chemical equilibrium is affected by temperature, pressure, concentration etc., while 
radioactive equilibrium is independent of such external conditions. 

(iii) In chemical equilibrium there is a balanced reaction A == B, while in radioactive 
equilibrium there is no such balanced reaction, each reaction is progressive in one 
direction. 


2.12. Cause of radioactivity— Neutron-proton ratio and nuclear 
stability. 

The nuclear unstability or the cause of radioactivity is a topic which needs a lot of 
discussions. As a matter of fact, there is no single rule which can guide us to predict 
accurately whether an element is radioactive or not or if radioactive whether it will emit 
alpha particle or beta particle. However, some empirical observations may help us in 
solving these problems. 

(i) All atoms‘with atomic number greater than 83 are radioactive. Thus all isotopes of 
uranium (gU), radium (Ка) etc., are radioactive. 

(ii) Nuclei with a total number of 2, 8, 20, 50, 82 or 126 protons or neutrons have been 
found to be particularly stable than the nuclei in their near vicinity in the periodic table. 
These numbers are called magic numbers. We have seen that the elements having the atomic 
numbers 2, 10, 18, 36, 54 and 86 are chemically most stable. Just like this, the magic numbers 
are associated with the nuclear stability. The magic number is related to the completion of 
energy levels in the nuclie. 


Example. 


Protons (p) 


Neutrons (п) 


Nuclei having the number of protons or neutrons just above the magic numbers are less 
stable and hence these nuclei may emit some particles to attain the magic numbers. 
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(iii) Nuclei having even number of protons and neutrons are more stable and hence more 
abundant in nature than those with odd number of protons and neutrons as it is evident from 
the following table : " 7 : 

Types of naturally occurring stable isotopes 


Constitution of nucleus Number of stable isotopes 


(iv) The nuclear stability is found to be related to the neutron to proton (n /p) ratio. It is 
known that neutrons are responsible for holding the protons within the nucleus. Hence as the 
number of protons increases i.e., as the atomic number increases, the number of neutrons must 
also increase rapidly in order to produce a stable nucleus. Consequently the n /p ratio of stable 
nuclei must increase with the increase of atomic number. 

For stable isotopes, the number 
of protons is plotted against the 
number of neutrons. A study of the 
graph indicates the actual л /p plot 
of stable isotopes deviates from 
the hypothetical n /p plotataround 
atomic number 20 and after that it 
rises rather steeply. The region 
within this steep graph where all 
stable nuclei (non radioactive 
elements) lie, is known as zone or 
belt of stability. The majority of 
radioactive isotopes lie outside 
this belt. 

(a) It has been observed that 

0 20 40 60 80 100 forlightelemenits of atomic number 
— Number of proton upto 20, the n/p ratio is 1 e.g., 
20Са® contains 20 protons and 20 

Fig. 2.10 neutrons (n/p =1). 

(b) If the n /p ratio of a nucleus exceeds 1.5, the nucleus becomes unstable and emits œ or 
В rays and attains stability by adjusting its n /p ratio below 1.5. 

(c) If the n/p ratio of a nucleus occurs below or above the belt of stability, the nucleus 
will be unstable and would disintegrate in such a way so as to approach the actual n /p plot. The 
type of radioactive decay that a particular radioactive isotope will undergo, depends to a 
large extent on its n /p ratio compared to those of nuclei which are within the belt of stability. 
Two cases of radioactive decay is considered. 

Case-1 : When the n/p ratio is too high. 

When the n /p ratio is too high i.e., when the nucleus of an element contains too many 
neutrons, its n /p ratio places it above the zone of stability. This nucleus would be unstable 
and would tend to lower the ratio by emitting B-particles and thus moves towards the zone 
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of stability. B-emission decreases the number of neutrons and increases the number of 
protons. 
ont! > n NETT: 
neutron proton -рагісіе (electron) 

Thus, radio iodine of mass number 133 of n/p ratio 1.51 emits a B-particle and attains 

stability. 
SD ج‎ Xe 4 ye? 
Zr of mass number 97 is a B-emitter. 


Case-2 : When the n/p ratio is too low. 

When the n/p ratio is too low i.e., when the nucleus contains excess protons, its n/p 
ratio places it below the zone of stability. Consquently it would be unstable, This nucleus 
would tend to come within the zone of stability by converting one of its proton to a neutron, 
This is effected either by the emission of an alpha particlé or a positron or by capturing an 
orbital electron (K electron capture). Both the modes of decay decrease the number of proton 
and increase the number of neutrons. 

Thus (a) sodium -20 or nitrogen -13 of very low n/p ratio suffers positron emission. 

Na? — Ne? е? 
positron 
NB QCP + ue 
(b) Rb-82 captures an electron from K-shell. Rb + де? —> Kr"? 


(c) a-emission occurs from the nuclei of elements having atomic number more than 83 
(actinium). These nuclei lie beyond the upper right edge of zone of stability. The heavy nuclei 
are generally o-emitter. 

U — Th?! + ;He* 
a-particle 
%Тһ?? —› gRa?"* + ‚Не* 

However the daughter nuclei in the above сазе are not stable, they emit either oor B-particle 
and by successive disintegration finally changes into non-radioactive lead. 

€ Gold j,Av!*" is not radioactive but sRa?% is radioactive— explain why ? 

The mass number of gold is 197 and its atomic number is 79. Consequently ils nucleus contains 79 protons 
and (197-79) = 118 neutrons. The n/p ratio in case of gold is 118 /79 = 1:49 which is less than 15. As a 
result the nucleus of gold is stable and so rqdioactive disintegration is not exhibited by gold. But so far as ssRa?? 
is concerned, it has got 88 protons and (226 — 88) = 138 neutrons in its nucleus. The n / p ratio in case of Ra 


becomes 138 / 88 = 1°56 which is greater than 15. As o result the nucleus of Ra becomes unstable and so 
radioactivity is exhibited by Ra. 


@ Differences between a radioactive change and a chemical change. 


This deme is not a nuclear phenomenon. The 
electrons of the outermost orbit of an atom take part 
in the chemical change. The nucleus remains 


unchanged during a chemical change. 


Radioactive change 


(i) Nuclear phenomenon : 

The radioactive change is purely a nuclear 
phenomenon. The emission of a, B and y rays 
takes place from the nucleus of a radioactive 
atom. 


(ii) Effect of external agents : 
The rate of disintegration of a radioactive 
element is not at all influenced by the external 
agents such as temperature, pressure etc. It is a 
spontaneous process. 


The rate of a chemical change is always influenced 
by the external agents like temperature, pressure, 
presence of a catalyst, concentration etc. 
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Radioactive change 


Chemical change 


(iii) Initiation of reaction : 

Radioactive change does not require any initiations. 
lt is spontaneous and starts emitting radiations under 
all conditions. 


A chemical change always proceeds when 
properly initiated by extemal agents like heat, light, 


pressure etc. 


(iv) Properties of element & compound : 

The radioactive properties ofa radioactive element 
is similar to the properties of its compounds. Thus the 
radioactive properties of Ra and RaCl; are exactly 
similar. 


(v) Radioactive changes are irreversible. 


(vi) Evolution of energy : 
Huge amount of heat energy is liberated in a 
radioactive change. 


(vii) n/pratio : 
The ratio of the number of neutrons and protons 
(n / p) changes in a radioactive change. 


Thechemical properties of an element which under- 
s a chemical change, are entirely different from 
se observed in ils compounds. 


Most of the chemical changes are reversible in 
nature. 


Much less heat energy is liberated in a chemical 
change. 


In а chemical change as the nucleus remains 
unaltered, there is no change in the ratio of the 
number of neutrons and protons. 


(viii) Properties of isotopes : 
The radioactive properties of different isotopes of 
the same element may be different. 


(ix) Production of new element : 
Ina radioactive change a new elementis produced 
from a radioactive substance with the emission of a 
or B particles. The produced daughter element is 
physically and chemically different from its parent. 


(x) Extent of reaction : 


Similar radioactive changes continve till the whole 
of the radioactive element is fully consumed. 


The chemical properties of different isotopes of the 
same element are similar. 


In a chemical change new element is not produced 
i.e., ina chemical changean elementis never converted 
to new element. 


The extent of a chemical reaction canbevaried by 
the variation of external conditions. 


2.13. Nuclear transformation and Artificial radioactivity. 
When certain nuclei are bombarded with suitable projectile the resulting products are 


sometime found to be radioactive. Most of the isotopes known at present are man made and 
majority of them are radioactive. The products some times disintegrate in a reasonable period 
of time. Usually the decay is a single step process but sometimes the decay may be successive 
like that of natural radioactivity. 

The phenomenon of converting a non-radioactive nucleus into radioactive nucleus by 
bombarding with suitable projectile is called artificial radioactivity to distinguish it from 
natural radioactivity. 


Artificial radioactivity was discovered as early as 1934 by Mme 1. Curie and her husband 
F. Joliot. 


(i) They observed that, in the bombardment of boron and aluminium by acparticles. 
positron was emitted along with protons and neutrons. After removing the source of 
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a-particles, the emission of neutron and proton ceased but the emission of positron continued, 
decreasing exponentially with time like the formation and disintegration of short lived natural 
radioactive species. Apparently, during the bombardment, two reactions take place. 
AP? + He — 145130 + 1Н!; BAI + Het — Р? + от! 
The species sP% must be metastable (a radioactive isotope) which emits positron according 
the following equation— 1 
Ri م‎ — 11510 ue 


tın of radioactive phosphorus isotope is 32 minutes. 

Similarly, the radioactivity produced in the bombardment of a particles on boron is due to 
an isotope of nitrogen. 

sB'"+ He! > «CP + HY; BU + He — N"? + on! 
М” эў; Ich + ме? 

ty; of N is found to be 11 minutes. 

Other alpha particle induced reactions leading to the formation of unstable radioactive 
nucleus are :— 


147 + „He“ — Be" + ІН! Be? > BY +e 

Mg + Неї — Si” + от! “Si? — БАР" + ие 

Mg + ;He* GAPE + iH! АЗ — ^ 145128 + ae 

uMg*5 + He — A? + Н! БАГ? — 5129 + е 

(ii) Besides alpha particles other projectiles are also used in the production of radioactive 
isotopes. 

Na? + HB —> nNa + Н! Na — Mg” + ae 
Deutron Proton B-particle 

AP? + on! —> uNa” + 2Не* uNa —. Mg’ + e 
Neutron 

к” ул! a KR + 20! KE -— Ате +, 

Positron 

4S? +H? э P + 2Не* Po 5 Si? #1 

Deutron a-particle 


2.14. Nuclear reactions— how does bombardment with high speed 
particles bring about transmutation of elements. 

Various types of nuclear reactions are observed in nuclear chemistry which involve the 
conversion of one target nucleus, by bombarding with high energy particle called projectile, 
with the formation of new nucleus called product along with the emission of a particle. Thus 
the nuclear reaction leads to the transmutation of elements with the evolution ofahuge quantum 
of energy. When the target nucleus is bombarded by projectile of moderate energy, the target 
nucleus forms a metastable species called compound nucleus which has more energy but a 
short half life period (10^ to 10-!? sec). The later then breaks down with the emission of a 
particle and formation of new nucleus. When the energy of the compound nucleus is not 
sufficient to produce emission of a particle, the excess energy is emitted in the form of 


yradiation, 
Target atom |+ [Projectile] — |Compound nucleus| > [Product] + Emitted particle 


The following types of nuclear reactions are expected to occur when a projectile strikes the 
nucleus of an atom. 
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(i) Projectile capture reaction : Some nuclei may capture slow moving neutron or proton 
with the emission of y rays without emission of any particle, ` 
3RD + on! — Rb + y zCo? + on! > Co + y 
«CU + H! > NB + у 

(ii) Projectile capture— particle emission reaction : Majority of nuclear reactions belon g 
to this category. Inthis type, the projectile is captured with the emission of one or more particles. 
These reactions are written as projectile employed and particles emitted. Thus (n, p) reaction 
means а farget is bombarded with neutron when proton is emitted. Thus, 


(р, n) type reaction, „Na? + (Н! — „Mg? + on! SB" +H > 4C" жол! 
(proton) (nutron) 

(p. а) type reaction, ;N +H! — C" + Het ҺАР" +H! ә ,Mg™ + He“ 

a-particle ; 

(р, Y) type reaction, зА? +H! э 51% + y 

(œ p) type reaction, F° +:Не* > „Ме? +H! BAP? +2Не* Si? +H! 

(D, œ) type reaction, «С? +H? — ,B' +,Het  ,0'6 +H >N" 4: jHe* 
(deutron) 

(9, n) type reaction, Ри? + He“ — Cm? + on! »Ё$?% + He“ — Md?" + ул! 


(iii) Fission reaction : The nucleus breaks into two or more fragments with the release of 
huge amount of energy. 


920295 + on! — s Bal! + «Kr? + 2 or 3 on! + 200 Mev 
This fission reaction in turn attacks the other uranium-235 nuclei thus setting in a self 
sustaining chain reaction. 
(iv) Fusion reaction : It involves the formation of a bigger nucleus by the fusion of nuclei 


of very light elements. ҮЙ + EP 25, He! on! 4 17.8 Mev 


(у) Spallation reaction : High speed projectiles having energy = 400 Mev may chip off 
fragments of heavy nucleus leaving behind a smaller nucleus. This reaction is known as 
spallation reaction. 

29Cu® + Не? 4 CB". + 14 ,H! + 16 on! 
2.15. Isotopes. 


From the study of radioactivity, Soddy noticed that an element might be consisted of atoms 
of similar chemical properties but having different atomic weights. The existence of atoms 
having different masses of the same element is known as isotopes. 

Isotopes are atoms of the same element having the same atomic number with different 
atomic masses. 

Isotopes of atomic species occupy the same position in the periodic table. The nuclei of 
isotopes contain same number of protons but different number of neutrons. They have the same 
chemical properties but only differ in some physical properties e.g., (С!?, gC", „С!“ contain 
the same number of protons but the number of neutrons being 6, 7 and 8 respectively. 

In natural radioactive elements, the emission of one a-particle followed by successive 
emission of two [-particles produces an isotope. 

-a -B -B 
92028 ——_ > „ТЬ — > раи 7 y. 92023* 
Неге gı U™, and 520023 are isotopes. 
> 


Although the detection of isotopes was first made in radioactive elements, now it has been 
found that most of the non-radioactive elements exist in nature as a mixture of isotopes. 


” 
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Examples. 


(i) Chlorine has two isotopes of atomic masses 35 and 37. The atomic number of chlorine 
is 17, consequently the nucleus of the chlorine isotope having mass number 35 contains 17 
protons and 18 neutrons and the isotope of mass number 37 contains 17 protons and 20 neutrons. 


The atomic structures of the two isotopes of chlorine are shown in the figure 241a 
(ii) The lightest element hydrogen 


also exhibits isotopy. It has got three 

isotopes e.g. ordinary hydrogen or 

protium, heavy hydrogen or deuterium 

and tritium. The ordinary hydrogen has 2 e 
no neutron but deuterium and tritium 

contain one and two neutrons 

respectively. The atomic number ofeach 


of the three isotopes is one i.e. each chs Ci" 
isotope of hydrogen contains one proton Ш n 
and one electron (fig. 2.12). Fig. 2.11 

Fig. 2.12 


(iii) The three isotopes of oxygen are ,O'^, ,0'7 and 40" and the three isotopes of carbon 
аге (C'2; C? and «С'“. The structures of these isotopes are given here (fig. 2.13). 


16 m 1 
Ра ro ° 


Fig. 2.13 

Chlorine has two isotopes and the mass number of each isotope of Cl is a whole|number, 
because each of the protons and neutrons present in the nucleus are the particles of unit mass. 
Inspite of this, the atomic weight of chlorine found in nature is 35°457—a fraction. This is 
because of the fact that, the ordinary chlorine is a mixture of two isotopes of chlorine— which 
contains 75°4% of СІЗ isotope and 246% of CP" isotope. The percentage composition of this 
mixture of Cl; is constant. Consequently the atomic weight of chlorine becomes the average of 
the atomic masses of CP? and CP" isotopes. 
7154 x 35 *24 6X 37 _ 36-457. 

100 

This explains why the atomic weight of ordinary chlorine is a fraction. 

2. Isobars : Atomic species having the same mass number with different atomic numbers 
are called isobars. 

Example : (i) Ge" and 15676; (ii) Ar and m d 

(ii) взВї!° and spo 


Thus, the atomic weight of chlorine = 
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These atoms are of different elements, which occupy different positions in the periodic 
table. The isobars have different physical and chemical properties. Emission of B particles and 


positron produce isobars. Я 
gPb?9 —> Bi, SP? > 14510 + ‚ей 
Orbital electron-capture also leads to the formation of isobar e.g., 
yRb? + це? — „Кг? 
(3) Isotones : Atomic species having the same number of neutrons but different mass 
numbers are called isotones. 


The number of protones in the nuclei of isotones are different and hence they occupy 
different positions in the periodic table. They have different physical and chemical properties. 
e.g., u Si, 15Р? and 16522. 


Each of nucleus contains 16 neutrons. 


(4) Nuclear isomers : Atomic species having the same mass number and same atomic 
number but with different radioactive properties are called nuclear isomers. 

Nuclei of suchatoms contain same numberof protons and same number of neutrons but they 
differ in their energy level which arises due to the different arrangements of protons and 
neutrons in the shell structure of the nucleus. 


Example : In uranium decay series, ojTh^* having half-life period 24.5 days is В active 
producing ;,Pa?*. While the nuclear isomer o Th?* of half-life period 8.3 x 10? yrs is a active 
producing y4Ra?*. Both are the examples of nuclear isomerism. 


(S) Isosters : Species having the same number of atoms as well as the same number of 
electrons in the valence shell are called isosters. 


Example : CO and N;; М, and СМ 


© А comparative study of isotope, isobar, isotone and nuclear isomer is shown in the following 
table. 


(1) Isotope 


17125 and 1;С127 


(2) Isober зе” and 4Se” 
(3) Isotone 1H? and Не? 
(4) Isomer soTh?*4 half-life 24°5 days 
= B active 
soTh?94 £1, = 8'3 x 103 yrs 


= a active 


2.16. Application of Radioactivity. 

(1) Determination of age of minerals, rocks and earth. 

By far the most important application of radioactivity is to estimate the age of minerals and 
rocks. We know all uranium-238 bearing minerals contain lead-206. This lead isotope is the 
end product of the uranium decay series and the quantity of Pb-206 which exists in the mineral 


at present, is proportional to the age of the mineral. Initially the rock under investigation did 
not have any lead. It can be assumed that all of the Pb-206 was at one time U-238 and it takes 
4.5 x 10? years for half of a sample of U-238 to disintegrate to stable Pb-206. The ratio of the 
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amount of Pb-206 to the amount of U-238 in the given rock is determined with the aid of a mass 
spectrograph. Knowing the value of decay constant of U-238 from the half-life period, it is 
possible to calculate the age of the mineral. 


This corresponds to the approximate age of earth. 
According to the radioactive decay equation М, = Nye? 


2:303 No 
t= log — 
or, 1 og N, 
xe ER 2:303 tbe Initial amount of radioactivity when t = 0 
А Final amount of radioactivity 
A of a radio-element is evaluated from its fy value, A= төз 
12 


^. Ns = 10-238 + РЬ-206 and №, = U-238 
Now applying the following equation one сап find out the age of the rock. 
2:303 U-238 + Pb-206 
Dag swiss щй: 2 
Example: Analysis of a sample of uranium ore showed that it contained 0°277 g of Pb-206 and 1°667 


g of U-238. Assuming that all the Pb-206 had accumulated due to the decay of U-238, find out the age of the 
uranium ore (Given һу; of U-238 = 4'5 х 10° yrsl. 


t 


Ans. All Pb-206 had accumulated due to the decay of U-238. So the weight of U-238 which was consumed 
during the conversion = 8:227 =0.329 
^. The total wt of U-238 originally present = 1:667 + 0°32 = 1:987 g 
Thus N, = initial weight of U-238 before decay = 1 987 g 
N, = weight of U-238 after decay = 1°667 9 


0:693 0:693 


We know A= —— = —— 
Р hmc ESTO ee 


2:303 N, 

Substituting this value of A in the eqn. t 27757 log WM gel, 
2:303x 45x 10° 1:987 4 

0593 бту”! 14x 10° yrs. 

(2) Radio carbon dating : Radio carbon dating was developed by Libby (awarded nobel 
prize in 1960) for the determination of the age of archeological objects containing carbon such 
as wood, charcoal, textile etc. The principle is based upon the formation of carbon-14 by 
neutron capture in the upper atmosphere. 

NU + оп! — «С + 1Н! 

This carbon-14 is radioactive with а half-life period of 5700 years. This is changed into 
nitrogen by the emission of В particles. 

(C^ ә N" + це? (їп 5700 yrs) 

.  Theconcentration of C-14 is only 1 x 107? in the atmosphere i.e., ratio of C-14 $ C-12 in 
the atmosphere is 107122 1. This C-14 is incorporated into atmospheric carbon dioxide which 
is, in turn, introduced through photo-synthesis into plants. The plants are taken by animals as 
food and C-14 is thereby goes into the animal body also. Thus a plant-animal carbon cycle is 


ог, t= 
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maintained in nature. Since a living plant or animal has a constant intake of carbonaceous 
compounds, it is able to maintain a ratio of C-14 to C-12 which is identical with that of the 
atmosphere. When however, the organism dies, the intake of C-14 is stopped, assimilation of 
carbon is ceased and the ratio of C-14 to C-12 is progressively decreased due to decay of C- 14. 
The intensity of radioactivity i.e., concentration of C-14 ina living body is determined and is 
compared with that of a dead object of same origin. Then by applying the following formula 
the age of the object can be estimated. 
t= 2203 log Ne 
a N, 


iti ivity -14 in a living object 
or, Time (t)= ae log Initial activity (amount of C-14 in a living object) 


Final activity (amount of C-14 in a dead object) 

This method can not be applied to estimate the age of an object which is about 20,000 to 
50,000 years old. This is because, after this time period the radioactivity becomes so low that 
it can not be measured accurately. 

Example : 

The amount of C- 14 isotope present in a given sample of wood is found to be one-sixth of the С-14 isotope 
present is a fresh sample of wood. Calculate the age of old sample of wood (t: of C'^ = 5700 yr). 

' 2`303 x ty № 

Ans : We know that fime (t) = II Ts x log N 

2:303 х 5700 1 

Putting the values we get, t = ي‎ Coe log Pd 

2:303 x 5700 
паве буу OS 
2:303 x 5700 x 07782 
й 0:693 

(3) Other applications of radioactivity : 

Besides the above two, radio-activity has been successfully applied in other field of 
scientific interest. Some of them are mentioned here. 

(i) Radio-active isotopes are widely used as diagnostic tools in medicine e.g., /odine-13] has 
been used to test the activity of thyroid &land and to locate and detect the presence of tumour in 
brain. Radio immunoassay (RIA) developed by R. S. Yallow (received nobel prize in 1977) 
provides an early indication of, pregnancy and to detect the presence of substance in the human 
body tissue, blood etc. that signal the early stage of disease. Use of. radiotherapy in the treatment 
of cancer is well-known. Normally Gamma rays from Cobalt-60 is used for this purpose. 

(ii) Radio-active isotopes have been widely used in agriculture to follow the transportation 
of mineral nutrients from roots to leaves and subsequent redistribution within plants. By means 
of radio-autography it has been possible to follow the distribution of S-35 supplied as sulphate 
in sugar beet plants, 

(iii) Organic reaction mechanism has been widely studied through the use of radio-active 
isotopes. Thus the formation of an ester by the interaction of a carboxylic acid and alcohol can 
be written in either way, 

— * * 
R-C-[on +H] ок R-C_OR'+ HO 
о о . 


* 
— 2 * ps 
R-C-Of + HOR‘ R-C_OR'+ H,0 (O sands for O-18] 
o о 


= 14740`99 yrs, 
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The problem is which -OH group is, participating in the formation of water—is it of acid 
or of alcohol ? To solve the problem O-18 is incorporated in the alcohol and the radioactivity 
of produced water is analysed. Absence of radio-activity in water confirms that -OH group of 
carboxylic acid is involved in the esterification. 


2.17. Structure of the atomic nuclei and nuclear stability. 

The atomic nucleus is extremely small having a radius of 10-? to 10" cm. 

The massofanucleusis almost due to protons and neutrons which are densely packed within 
the small nucleus. The density of different nuclei is almost constant. 

(a) Nuclear attractive force : The nuclear attractive force binds the nuclear particles and 
acts over very short distances between the particles present in nucleus. This force of attraction 
becomes maximum at a distance of 8 x 10-'^ cm. This attractive force decreases at a distance 
shorter than 8 x 10-' cm and at a distance greater than 8 x 10“ cm. 

Electrostatic force and nuclear force act inside the nucleus but as the nuclear force is about 
40 times greater than that of electrostatic force of repulsion, the protons and neutrons are very 
densely packed inside the nucleus. But when the number of protons and neutrons increases, the 
size and mass ofthe nucleus also increase. At this state the heavy nuclides become unstable.The 
nuclear attractive force is not electrostatic and is independent of charge. It binds proton to 
proton, neutron to neutron and neutron to proton. 

(b) Nuclear stability : Various theories have been brought ош to explain the stability ofthe 
nucleus. The important theories are discussed here. 

(i) Mass defect and nuclear binding energy : \t was observed as early as 1930 that the 
masses of nuclei are always less than the sum total of masses of individual nucleon of which 
they are composed. This difference of mass between the expected one and the actual mass is 
called mass defect. 

Example : 

The nucleus of a helium atom contains 2 protons ond 2 neutrons. The sum total of their masses being 
403190 amu. 

Mass of two protons = 2 x 100728 amu = 2701456 amu 

Mass of two neutrons = 2 x 1700867 amu = 201734 amu 


Total mass = 403190 amu 
But the actual mass of helium nucleus as recorded by moss spectrograph is 4°00150 amu. 
The difference between the expected mass and the actual mass of helium nucleus 

= 4'03190 - 4:00150 = 0'03040 amu 

*. 003040 amu is the mass defect of helium nucleus. 

ө The difference between the expected mass (calculated by adding the masses of protons 
and neutrons present) and the actual mass of a nucleus is called mass defect. It is denoted 
by Am. 

If M, = mass of a proton, M, = mass of a neutron, M = the actual atomic mass, Z = atomic 
number i.e., the total number of protons and A = mass number (total number of protons and 
neutrons present in the nucleus, then the mass defect may be expressed by the following 
equation— 

Mass defect Am = {M,Z+M,(A-—Z)} - M. 

Binding energy : Now the question arises where this mass has ропе? It has been suggested 
that this mass is converted to energy which is released from individual proton and neutron 
during the formation of the given nucleus. The released energy helps in binding the nuclear 
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particles together. This energy is in the form of binding force which holds the nuclear particles 
together. This binding force is called nuclear binding energy. 

Nuclear binding energy is defined as the amount of energy released when a given number 
of protons and neutrons coalesce together to form the nucleus. Orin other words, it is the energy 
required to disrupt the nucleus into its constituent protons and neutrons. Thus, larger the 
binding energy, the more stable is the nucleus. 

Binding energy of helium nucleus : Nuclear binding energy of helium nucleus can be estimated by using 


Einstein's classical equation— 
E = Amc? 


We know 1 amu = 1661 x 10724 g, mass defect of helium nucleus = 003040 amu 
E = 003040 x 1661 x 10724 x (3 x 1079? = 47544 x 105 erg 
Again 1 MeV = 1:602 x 10° erg. 
4'544 x 105 
Hence the binding energy per nucleon = = 7:09 MeV 
Since | amu = 931 MeV, 
Nuclear binding energy in MeV = 931 [M,Z + M, (А – Z) - M] 
=931хАт А т = mass defect 


When mass number of a nucleus is plotted against its binding energy рег nucleon we get the 


curve as shown here. 
10 


= 28°36 MeV 


(i) The curve shows that binding 
energy per nucleon increases in 
magnitude to about 8`5 MeV with 
nuclei whose mass numbers are in 
the vicinity of Fe-56. It then 
decreases slowly to about 7°5 MeV 
from mass numbers 90 to 240, 

(ii) Binding energy per nucleon 
is nearly constant and is about 
8`5 MeV for mass number ranging 

50 100 50 2% 260 25 to 140. 
m (iii) Nuclei with both small and 
Fig. 2.14 : Binding energy vs mass number curve large mass numbers have small value 
of binding energy per nucleon. Hence these nuclei are comparatively less stable. 


(iv) Binding energy of Не“, O' and C" occur above the graph. 


(v) The graph shows that great amount of energy would be available if very light nuclei are 
fused together. Such process, known as Fusion process occurs in the hydrogen bomb. 


хс 


Average binding 


energy per nucleon (Mev) > 
= кэ دا‎ вл OV © 


(2) Meson theory of nuclear force : 


According to this theory, neutrons play an important role in binding the nuclear particles. 
Deutron ,H* consists of one proton and one neutron and it is stable particle. But there is no 
particle which has either two neutrons or two protons. 

When two atoms are linked together by covalent bond, they are held together by sharing of 
electrons. In this case the exchange forces produce the covalent bond. Two nucleons may be 
bound together by some similar sharing of a particle. In 1935 Yukawa put forward a postulate 
regarding the nuclear force. According to him, the neutrons and protons are held tpgether due 
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toa very quick exchange of a typeof nuclear particles called pi mesons. Pi mesons have a charge 
+1, 0 or —1. These mesons are expressed as n+, n° and л ~ respectively. The production of 
nuclear force due to such rapid exchange of mesons are called exchange forces. 

The vibration of t* between the proton and neutron in ,H? nucleus is expressed as follows : 


Atm => n+p 


The oscillation of a т^ is represented as 
р\+п› <: р +17 tp Imntp 


Nuclear force between two like particles originate due to the oscillation of neutral 


meson 7°. = 
Pi کے‎ +p on р. +° cp 


€ Solved Problems ® 
1. Chlorine has two isotopes CI% and СЇ??, their percentage in natural chlorine being 75°54 and 24°46 
respectively. Calculate the atomic mass of natural chlorine. IW.B.H.S. '82] 


Ans : The mass of Cl in the mixture = = 


24'46 x 37 
гане 

100 100 

2. Naturally occurring carbon contains two isotopes A and B, the masses of which are 120000 and 
130034 a.m.v. respectively. Whatis the percentage by weight of each isotope in the sample of carbon whose 


and the йй! „Жы ы ыз 


2. Atomic mass of natural chlorine = = 35 489 amu 


at. wt. is 1201112? (М.Т. 671 
Ans : Let the percentage of A = x % 2 percentage of В = (100 - x) % 
12'0000x + (100 - x) 1370034 .. 1201112 
100 


or, 12'0000x + 1300°34 - 13'0034 = 1201°112 


or, 12'0000х + 1300°34 - 13'0034x = 1201°112 or, - 1'0034х = - 99228 
or, х= 9889 у 90А = 98'89% and $ of = 111% 
3. Naturally occurring boron consists of two isotopes whose atomic masses аге 10`01 and 11°01. The . 


atomic mass of natural boron is 10°81. Celie C cor POR" 
1.1.7. 78] 


Ans : Let the percentage of the isotope of mass 10°01 be x 
*.. The other isotope of mass 11°01 = (100 - х) 


or, 2X 1001+ (100-2) 1100 Lig, о, x= 20 


Hence natural boron contains 20% Ве! and 809, B'''?!, 

4. A radioactive isotope ;X^ emits one alpha and one bela particle successively to form a new element. 
What is the atomic mass and atomic number of the new element ? IW.B.H.S. ‘83] 

And : We know emission of 1 æ particle decreases the mass number by 4 units and atomic number 2 units 
while В particle emission does not change the mass number but the atomic number is increased by 1 unit. 

Hence on release of one a particle, the mass number ond atomic number of the new particle would be 
A- 4 and 7-2 respectively. Now when 1 beta particle is emitted the mass number remains same i.e., A — 4 but 
the atomic number will be Z- 2+ 1 = 2- 1 

Hence ће new element would have mass number A-4 and the atomic number = Z- 1. 


CH-Il/6 
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5. A radioactive element „Х22% emits one alpha and two beta particles successively. What is the 
atomic mass and atomic number of the new elements ? What is the relation of the new element with the 
initial element ? [W.B.J.E.E. '80] 

Ans : The atomic mass of the element, on release of 1 alpha particle will be 226 - 4 = 222 and its atomic 
number will be 86 — 2 = 84. Hence it can be represented by 2/1222. 

Again we know f-decay does not change the mass number but increases the atomic number by 1 unit 

Loss of 28 particles does not affect the mass number of Y but its atomic number will be increasd by 2 units. 

2. Atomic number of the new element = 84 + 2 = 86 


It is represented by „7222, 
-а -В -В 
ых — „үш ——>„дт و‎ um 

2. asZ??? and original element gX? are isotopic. d 

6. The mass number and the atomic number of a radioactive element (A) are 238 and 92 respectively. 
If on disintegration 8a and 6f particles are emitted, find the mass number and atomic number of the new 
element (В). [W.B.J.E.E. '83] 

Ans : Emission of 8a particles causes a decrease in mass number by 8 x 4 = 32 units and in atomic number 
by 8 x 2 = 16 units. 

+. The element formed after the emission of 8o: particles will have mass number 238 — 32 = 206 and atomic 
number 92 — 16 = 76. 

When 6 particles are emitted after this, there will be no change in mass number but the atomic number will 
be increased by 6 units i.e., the atomic number will be 76 + 6 = 82. Therefore the mass number of B will be 206 
and its atomic number 82 i.e., «282%, 

7. soTh? disintegrates to give ,2РЬ?%оѕ the final product. How many a and particles are emitted during 
the process ? [1.1.7.86] 

Ans : Since emission of 1à particle causes the decrease of mass by 4 units, 

WO Ee CLE IM z7 

If Za particles are emitted, the atomic number of ће new element should be decreased by 14 units i.e., its 
atomic number would be 90 — 14 = 76. But according to the given problem the atomic number of Pb is 82. Since 
the emission of В particle causes the increase of atomic number by 1 unit, ће number of  partides emitted = 
82-76=6. 

Thus in the disintegration of 11234, 7a and 68 particles are emitted. 

8. A radioactive element X27 decays to give a non-radioactive element +Z as the final product. How 
топу a and В particles are emitted during the process ? [W.BJ.E.E. ‘81, W.B.H.S. '84] 

Ans : The number of a particles emitted = BAT 25 

The atomic number of the new element should be decreased by 10 vnits as emission of 1a particle causes 
the decrease of atomic number by 2 units. 

2. The atomic number of the new element would be 89 — 10 = 79 but the given element's atomic number 
is 82. Since emission of В particle causes the increase of atomic number by one unit, the number of В particles 
emitted = 82 – 79 = 3. Therefore in the whole process 5a particles and 35 particles were emitted. 

9. If the half life period of radon is 3°824 days, how long would it take for 75% of the sample to 
* м 0'693 0693 

Ans : A= decay constant = ha 7 $824 = 01812 per day 

Applying law of radioactive disintegration t= 2 T log x 

N, = Initial amount = 100, N, = Amount remaining after time ? = 100-75 = 25 


12303, 0 
"91812 09 25 7 7 6512 day 
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10. The half life period of radium is 1590 years. In how many years will 1'0 g of pure element lose 
0019? 


0`693 T 
Ans: A= —— = 4'36x 10“ 
ns тр х 10“ per year 
,239 log >, Here N, = Initial amount = 10 9 
N, = Amount remaing after time t= 1 – 0'01 = 0'99 


. 2303. 10 í 
t= 736x107 log 099 = 23`26 years 


11. An experiment requires minimum В activity produced at ће rate of 346 В particles per minute. The 
half period of a Mo, which is a B emitter in 66°6 hours. Find the minimum amount of e Mo required to 


carry out the experiment in 6909 hours. ПТ. '89] 
n: _ -dN : E CE EN : : 
Ans : Rate of disintegration i Taa AN іе, Boctivity= > = 346 B particles per minute. 
_ _0693 : 3 346 x 66'6 x 60 . >, 
А = 36x60 per minute. М eo CHRIS 20х10 
. The amount of 7 Mo remains after time += 2 x 105 
Applying һе formula, А = $ 19 log x 
mL ce a ise ыы о E 


666x60 ^ &909x60 ^9 2x10 
Initial amount of Мо is 2°15 х 105 
215 х 10х99 
6023 х 1023 
12. A freshly cut piece of wood gives 16100 counts of f ray emission per minute рег 10009 of the sample. 
An old wooden frame gives 13200 counts in the same time per 1000 g. Calculate the age of the wooden frame 
(Given t,2 of C-14 is 5568 years). 
= 0198 рег уеаг, Тіте = ZEN N 
5568 Я йон CN 
Here № = 16100 C.P.M., N= 13200 C.P.M. 


_ 7303x5568 |. 16100 
0693. 13200 
Time = 1595'02 years 
13. 0225 has a half life of 7°1 x 10° years and that of Th 23! is 246 hours. Calculate the amount of Th" 
in radioactive equilibrium with 1°0 g of US, 
Ans : From the formula of radioactive equilibrium 


. Wtof Мо = = 3:534 x 107 g. 


Ans: À 


Time ` t 


0:693 


AN, = АМЬ ............ (1) anda = 


1 g 0235 contains ылын U-235 atoms. 
: w 
4 Number of Th-231 atom = iU afe. {W= weight of Th-231 in equilibrium) 
Applying eqn (1), 0:893 6:023х109 1 _ 0:693 x 6023 х 102 x W 
gi ' 235x7]1x109x365x24 231 x 24:6 
288 g = 3'89х 10-20. 


Ws m 
235 x 71 x 109 x 365 x 24 
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M. The тоне: Of on с p and one proton are 4'00150 a.m.v, 100867 a.m.u and 
100728 a.m. respectively. Calculate how much energy will be be released during the formation of 1a particle 
(Given 6023 x 10? a.m.u = 1 gram mass). 


Ans : Mass of 2 neutrons = 2 x 1700867 = 2701734 a.m.v. 
Mass of 2 protons = 2 x 100728 = 2701456 a.m.v. 
Total mass = 403190 a.m.v. Mass of 1a particle = 400150 a.m.v. 
Decrease in mass due to 1a particle = 4°03190 - 400150 = 003040 a.m.v. 
003040 
= 5023х102 T 
6:023 x 10% x 0703040 


Decrease in mass for 1 mole of a particle = $023 x 102 


Applying, Einstein's eqn. E = mc? 

The energy released for the decrease of 1 g of mass is 2°15 x 10'0 К. cal 

2 The energy released in this case = 0°03040 x 2°15 x 10'° k. cal = 6'536 x 10° k. cal 
Since huge quantity of energy is released a particle is stable. 

15. Aradioactive isotope has an initial activity 2x 10° disintegration per minute and after 4 days its activity 
is 9 x 105 disintegration per minute. Find the activity after 40 days. 
Ans: à = 2308 bog eis 2303 ы 2x 10* d.p.m. 

N 9 x 105 d.p.m. 
son = 228 ы en ado (2) 


= 0703040 g 


2:303 2x 10 dip.m. 2303 2 x 106 d.p.m. 
сн ETT 40 log N, 

ог, №, = 677'6 d.p.m. 

16. The nucleidic ratio ,H? : Н! in a sample of water is 8'0 x 10" : 1. Tritium undergoes decay with а 


half life period of 12°3 years. How many tritium atoms would 10'0 g of such a sample contain 40 years after 
the original sample is collected ? ПАТ. '92] 


D -2 Канаа aom: 


Number of hydrogen atoms in 10 g of water -£ х 6'023 x 10? = 67x10? 


Ans : 10 g of water contain 


Number of tritium atom present originally = 6'7 х 102 x 8 х 1078 = 53°6 x105 
0:493 


Now À = A24 per year = 5'6 х 10? per year 
5'6x 10? x 40 М, 
А = "D лла ке 
pplying law of radioactivity, 203 log N or, 7:303 М, 
et; log x = 09726 M me = 9:389 [Апі log of 09726 = 9'389] 
д 
№ 53`6 х 105 1 ; 
or N= 9:389 SUPE = 5/708 x 105 atoms. 
17. ade dua iih aipha Б oS wit a bak Me period of 198'4 dp, If 1 g of Po?'? is placed іп 
a sealed tube, how much helium will accumulate in 69°2 days ? [Roorkee Eng. '91] 
Ans : s4Po?10 ———> Ph? + Het 
Half life of j,Po?' = 138'4 days 2. 692 days = half of half life of s,Po?!® 


| Number of halflife (а) = half of halflife period = 7 
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We know that N, = number of atoms at the start 1 g 
N, = number of atoms remaining unchanged after time f i.e., 69°2 days 
1 
« N=N al or, N21 b or, N 2 =0'707 
|2N lz | NeTIS oN sires 
. Mass of Po?" left after 69°2 days = 0707 g 
Mass of Po?'? disintegrated to He“ = 1 - 0707 = 0293 g. 
210gofPo?? = 4gofHe 


0.293 g of Po??? = 20293 g of He = 000558 g of He 


10 
At N.T.P. the volume of 4 g of He = 22400 cm? 
пои O'00558 g of He = 2200-00058 = 31:25 cm? 


18. „20728 by successive radioactive decay changes to s;Pb?*. A sample of uranium ore was 
analysed and found to contain 1 g of vranium-238 and 0'1 g of Pb-206. Assuming all the Pb? had 
accumulated due to decay of U?**, find out the age of the ore. (Half life of U?*t 4°5 x 10° yrs) 

[Roorkee Eng. ‘90] 

Ans: 206 g of Pb?% comes from the decay of 238 g of 0238 
29801 

106 


. 0'1 g of Pb? comes from the decay of = 01155 g of U? atoms. 


So the initial amount of U? = (1 + 0°1155) g = 1711559 


S i 
0693 „_0693_ o154x10?yr* 
hy 4'5 х 10° 
s 2303 N. 2:303 11155 
We know time (t) А М 0154 x 10? ы | 1 | 


= 14°95 x 10? x 070475 = 71 x 108 yrs 


19. 10 gram atom of an a-active radio isotope ore disintegrating in a sealed container. In one hour 
the helium gas collected at STP is 112 cm’. Calculate the half life of the radio isotope. 
[Roorkee Eng '89] 


Ans : The volume of He gas =,11°2 cm? ot STP in 1 hr. 
22400 cm? of He at STP contains 6'023 x 107? atoms 


v 102 x112 
Wen? of Ho at STP contains 0239 TE = 301 x 10? atoms. 


So the number of He atoms collected in 1 hr = 3°01 x 109 
i.e., the rate of disintegration а = 301 x 1020, Неге N, = 10 х 6'023 х 10” 


dN, 
We know that E =AN or, 301x109 = 4X10 x 6023x 10? 


3:01 x 10” 
10 x 6'023 x 1022 
бавовна 0693 
Mars SER 0:0499 х 103 


or, À = 00499 x 10? hr? 


= 13887°8 hr = 1585 yrs. 
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20. A radioactive substance has half life period 140 days. Calculate (i) The decay constant, (ii) average 
life period, (iii) time taken by 1/4 of the original number of atoms to disintegrate and (iv) the time taken 
by 1/8 of the original number of atoms to remain unchanged. 

Ans : Here һу; = 140 days 
О 693 _ 0693 

hye 140 
Decay constant (À } = 4°95 x 103 per day 
Por uec „Ай 
A 495х103 


= 4'95 x 10° per day. 


(i) We know A = 


(ii) Average life period t= = 202 days 


(iii) Number of atoms disintegrated = i х N, 


Number of atoms left behind (N) = №, — "S = ^ 
N 
Now, N =N, еі’ ° N, =e! 
or, x =e" or, 3 set! 


or, == оде 3 or, -Atz 2'303 (1093 - 1094) 


ог, -АР= 2`303(0°4771-0`6020) ог, -А!=-2`303х0`1249 


072876 


or, At» 02876 or, t= 495x103 = 58'1 days. 
ü Ny cM б АД = е?! ` 5 ' 
liv) Here IET again М, е g e? 
ог, At=log.8=2°303 xlog8 ог, 4= 2:303 x 0:903 
2:303 x 0:903 4 
t = ову тоз = 420 days. 


21. One of the hazards of nuclear explosion is the production of Sr and its subsequent incorporation 
in bones. This nuclide has half-life period of 28`1 years. Suppose 1 microgram was absorbed by a new 


born child, how much Sr” will remain in his bones after 20 years ? ТЫЛ, 95] 
Ans : We know t= 238 log X hj = 28yrs. 
No = initial amount of Sr = 1 pg N, = Final amount of Sr” after time t 
ус. e, time t= 20 yrs 
Putting these values we get, 20 = DTE log + 


or, log № = -02142 
or, log № = log 06107 
or, N, = 0°6107 pg. 


RADIOACTIVITY AND ATOMIC NUCLEUS 87 


€ Questions ө 


1. What is meant by radioactivity ? What is radio element € Name two radio elements. [W.B.J.E.E. 83] 
2. (a) How will you prove that there are three types of radioactive emission. 
(b) Name the different kinds of rays emitted from radioactive substance and discuss their nature and 
characteristic properties. 
3. How do the emission of alpha, beta and gamma particles affect the atomic number and mass number 
of the nuclide ? 
4. Compare the following properties of three radioactive rays emitted from a radioactive element. 
(i) Kinetic energy, (ii) effect of electric and magnetic field on these rays, (iii) ionising power. 


[W.B.H.S. ‘88] 
5. (а) What are alpha, beta and gamma rays ? Compare the following properties of these rays. 
(i) velocity, (ii) penetrating power, (iii) kinetic energy, (iv) momentum. [W.B.H.S. 86] 


(b) Arrange alpha, beta and gamma rays according to (i) penetrating power, (ii) ionising power, (iii) mass 
(iv) momentum, (у) charge. 
6. From which portion of the atom do the B-particles come out during radio-active radiations ? Give reasons 
in support of your answer. IW.B.H.S. ‘89] 
7. What is the difference between 
(i) a-particle and helium atom. (ii) B-particle and electron. (iii) y-rays and X-rays. 
8. (a) a-patticles will do more damage inside the body than -particles— Why ? 


ls it also true when the body is exposed to external source of such radiations ? [W.B.J.E. '91] 

(b) Can y-ray emerge from a natural radio-active element before the emission of a and fi particles ? 
[W.B.J.E. '91] 

9. (а) Define half life period of a radio-active element: One gram of a radio-active material with half life 
period two years is stored for six years, How much of the material remains intact ? [W.B.J.E. '92, '96] 
(b) What is the unit of radio-activity ? [W.B.J.E. '90] 

10. (a) Discuss the special property that develops in the atom of an element when the number of neutrons 
present is far greater than its atomic number. [W.B.H.S. '90] 


(b) State why some elements are radio-active whereas others like lead are not so. [W.B.H.S. '87] 
11. What are the differences between a chemical change and a radio-active change #[W.B.H.S. 89, 90] 
12. Answer the following questions — 
(a) What part of the atom the property of radio-activity is associated ? 
(b) How do о, В and У emissions affect the atomic number and mass number of a nuclide ? 
(c) What is meant by half life period of a radio-active substance ? What is its significance ? 
(d) What is a nuclear reaction? How does a nuclear reaction differ from a chemical reqction ? 
(е) Comment on the statement ‘Radio-activity is an atomic property’ ? 
(f) How would you establish that helium is a product of radio-active decay ? 
(g) Why did the Curies think that pitch blende contained an element more radio-active than uranium ? 
(h) The half lives of radio-active 2U% and 202° are 0.71x 10° and 4.51 x 10° years respectively. Which 
one of them has faster rate of decay ? [W.B.J.E. '93] 
(i) Will 220235 and 5207238 show the same radio-activity $ Answer with reason. [W.B.J.E. 95] 
(i) OF the following three isotopes of Pb, which one is the end member of the radio-active series starting 
with soTh232 ? goPb?!9, g2Pb208, „рЬ®%. 
(К) The radio-activity of one gram of a radio-active radium sample is 1 curie. What amount of radio- 
- activity will be shown by the radium sulphate salt obtained by reacting this sample of radium completely with 20 


ml of 3 (N) H2SOz— Explain your result. [W.B.J.E. 96] 
(Î) What is the product formed by ће decay of C'4, which is a B emitter ? To which group of the periodic 
table does the product belong ? [W.B.J.E. '96] 


(т) From which portion of the atom do the alpha particles come out during radio-active radiations ? 
Give reasons in support of your answer ® 
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13. (a) State and explain Fajan-Soddy group displacement law. [M.D. Rolitak B.Sc. '84] 


(b)A Ce 7223 —> С pm D 
(i) Complete the above radio-active transformation. 
(ii) What is the relation between the elements (A) and (0) è 
(iii) If (A) belongs to third group of the periodic table, what will be the position of (C)? [W.B.H.S. *89] 
14. Why all the three types of rays (i.e., œ , Band y) come out from a radio-active sample, though a single 
radio-active sample obeys a particular decoy mode ? 
15. Name the terms you could use to represent the relationship between (i) A and D and (ii) B and C in the 
following radio-active transformation. 
M В -2 
A> BD: : 
Give reasons for your answer. [W.B.J.E. '94] 
16. What is group displacement law ? An element of group IIA of the periodic table undergoes two -decays 
followed by an a-decay, what is the position of the resultant element in the periodic table and how is it related 
to the parent element ? 
17. (a) A sample of radio-active substance was shown to emit a, В and y-rays what conclusions can be drawn ` 
from this observation ? 
(b) What change is observed when streams of a-particles are passed through a gas ? 
(c) What happens when the radio-activity of a radio-active element is exausted completely ? 
(d) What will be the mass number and atomic number of the daughter element when a radio element A” 
suffers two a decays followed by one f-decay. 
18. (a) What is the relation between n/p ratio and the stability of the nucleus ? 


(b) Nucleus of a radio element does not contain any electron. Then how f emission takes place from the 
nucleus ? 


(с) Is there any difference between a f particle and an electron ? 
19. Explain why : 
(i) The emission of an electron from an atom does not cause any change in the elementary nature of an 
atom while emission of a В particle causes one element change it to another element. ~ 
(ii) Radio-activity is a nuclear phenomenon. — . 
(iii) Alpha particles are nothing but helium nucleus. 
(iv) All radio-active minerals invariably contain helium. 
(у) Gold ;;Au'* is not radioactive but sRa?% is radioactive. 
(vi) The atomic weight of chlorine found in nature is a fraction 35°457. 
(vii) a-particles will do more damage inside the body than f-particles. [W.B.J.E. '91] 
(viii) Uranium is radio-active but iron or lead is not radio-active. [W.B.J.E. 90] 
(їх) Radio-activity of radium is same as that of radium chloride. 
(x) a and i particles are charged but their emission ultimately leads to produce neutral elements. 
20. (a) How does the number of protons in the nucleus change when an alpha and then a particle is emitted 
from the nucleus 2 [Raj B.Sc. ’83] 
(b) What is meant disintegration constant and half life period of a radioactive element ? 
Give the relation between the half life and decay constant of radio-active substance. [Delhi BSc. 80] 


21. (a),Explain artificial radioactivity with suitable examples. Distinguish between natural radio-activity and 
artificial radioactivity. 


(b) Classify the nuclear reactions with regard to the various bombarding agents. Give examples. 
22. (a) Explain what do you understand by the term ‘Radioactive dating’. How the age of the earth was 
determined ? [Raj BSc. ‘85] 
(b) Complete the following reactions— 
(i) Het + ;N'^ 4 24H! (ii) Be® + Het — 2 (iii) N14 + 2 — C14 + JH! (iv) gsRa?25 — 2 + „Ёп?? 
(у) i3Al7 + ;He* >? + on! (vi) „Ве? + Het 4 2+2 (vii) B0 + ? 4 JN'3 + on! 
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23. Ra-226 is ап a-emilter and Bi-210 is a f-emitter. In what groups will the daughter elements be and what 
shall be their atomic numbers ? [Ans. Rn? in Gr 18 i.e., Gr 0, „Ро?'о Group 16 i.e., Gr VI] 
24. (a) Comment on the statement— 
“А radio element takes infinite time for complete decay’. 
(Ь) What is the evidence that radioactivity is а nuclear phenomenon ?- 
25. (a) What are isotopes ? How do different isotopes of an element differ in nuclear structures ? Explain ће 
difference between isotopes, isobars and isotones. 
(b) Explain the nature of binding forces in atomic nuclei. 
How does the stability of atomic nuclei depend on the ratio of neutron and proton present ? 
26. (a) What are isotopes and isobars ? Differentiate between the wo and mention the characteristics of each. 
[M.LN.R. '89] 
(b) Pick up the pair of isotopes and isobars from the following— 
uu NIS 19v HS a Ca^, Vom „Ас, ы 
27. Contrast nuclear fisston and nuclear fusion. Why do fission and fusion reactions produce large quantities 
of energy ? , [M.LN.R. '91] 
28. (a) Can a radioactive element emit alpha and bela rays simultaneously ? А 
(b) ls the radioactivity of radium different from that of radium chloride ? Give reasons for your answer. 
29. There are two naturally occurring isotopes of hydrogen (Н! > 99% and Н? « 1%) and two of chlorine 
(CIS 76% and СІ?” 24%). 
(a) How many different HCI molecules can be formed from these isotopes ? 
(b) List the molecules in order of decreasing relative abundance. [W.B.J.E.E. '93] 
[Ans. H'CPS, HCI, нсіз, Н2СІ??, inorder of decreasing abundance Н!СІ5, НІСІ?”, HCI, HCI] 
30. „lJ? liberates 8 alpha and 6 beta particles in successive stages to form a non-radioactive end product. 
Find the mass no. and atomic no. of the end product. [Ans. „„РЬ?%] 
31. A radio element ,,X?? is ultimately transferred into another element „Z°. How many o: and В particles 
emitted during the tronsformation ? X belongs to Gr IIIA of the periodic table. To what group Z belong ? 
[Ans. No. of a= 5, B= 3 Group IV] 
32. A radioactive element „7 is transformed into another element Б", 
How тапу a and £ particles are emitted in the process ? Give reasons for your answer. 
[Ans. a = 4, В = 6] [W.B.H.S. '88] 
33. A radioactive element of mass number 232 and atomic number 90 disintegrates in several steps to emit 
6 alpha particles and 4 beta particles. What is the mass number and atomic number of the final element ? 
[Ans. „Х®%] [W.B.H.S. '86] 
34. Atomic wt. of an element is 207. It has two isotopes of mass numbers 206 and 208. Calculate the 
percentage of atoms having mass number 208 present in the element. [Ans. 50%] 
35. A radioactive element „277 undergoes a series of radioactive disintegration involving loss of several 
alpha and beta particles producing finally ће non radioactive „7/7 Calculate separately the total numbers of 


alpha and beta particles expelled in the entire process. [Ans. a = 5, В = 3] [W.B.H.S. '84] 
36. Calculate the number of alpha and beta particles emitted for the following radioactive change. 
Rese ELS aa [Ans. с=8, B=6] 


37. Half life period of radium is 1590 yrs. After how many years a given sample of radium will loss 87.5% 
of it? Will a sample of radium sulphate take the samefime to loss 87.5% of its weights ? Give reasons. 
[Ans. 4970 yrs ] 
38. Half life of radium is 1590 yrs. In what time one gram of radium will become 0.125 gm 2 


[Ans. 4770 yrs ] 
39. A radioactive isotope decays at such a rate that after 68 minutes only one-fourth of its original mass 
rémains. Calculate its half life period and disintegration constant. [Ans. 34 minutes, 0.02038 mm] 


40. 27Achas û half life of 22.0 years with respect to radioactive decay. The decay follows two parallel paths, 
one leading Th and the otherto Fr: The percentage yields of these two daughter nucleids are2.0 and 98.0 
respectively. What are the decay constants for each of the separate paths? | 

[Ans. 2, = 0.00063 year", А, = 0.03087 yeor"] [LLT. '96] 


90 ELEMENTS OF CHEMISTRY 


® Objective type questions : 
[A] Write down the correct answer(s) : 
(i) Which of the following statement{s) about radioactivity is (are) correct 
(а) It is nuclear property, (b) It does not involve any rearrangement of electrons, (c) It is not effected by 
the presence of other elements, (d) Its rate is effected by change in temperature and pressure. 
[Ans. (a), (Ы), (c)] 
(ii) The radiations from a naturally occurring radioactive substance, as seen deflection by magnetic _ 
field in one direction are— 
(о) Definitely alpha rays, (b) Definitely beta rays, (c) Both alpha and beta rays, (d) Either alpha or 


beta rays. [Ans. (9)] [I..T. ^84] 
(iii) 220238 emits an alpha-particle, the product has mass number and atomic number— 
(a) 236 and 92, (b) 234 and 90, (c) 238 and 90, (d) 236 and 90. [Ans. (b)] [M.LN.R. '91] 
(iv) The nuclei which are not identical but have same number of nucleons represent— 
(a) Isotopes, (b) Isobars (c) Isotones (d) None of the three. [Ans. (b)] [M.LN.R. '88] 
(v) Isotone of Ge?’ is (аге)— E 
(a) Ge, (b) 34577, (c) 4Se, (d) 4Se. [Ans. (b), (d)] М.Т. '84] 


(vi) Many elements have non-integral atomic masses because — 

(a) They have isotopes, (Ы) Their isotopes have non-integral masses. (c) Their isotopes have different 
masses. (d) The constituents, neutrons, protons and electrons combine to give fractional masses. 

[Ans. (а), (cJ) [IL.T. 84] 

(vii) The triad of nuclei that is isotonic is— 

(a) «C14, 315, oF!7 (b) C"2, N14, SF? (c) «C"4, 14, oF 7 (dacs, NM, oF? [Ans. (a)] Т. 88] 

(viii) Gamma rays are— 

(a) High energy electrons, (b) Low energy electrons, (c) High energy electro-magnetic waves, (d) High 
energy positrons. [Ans. (с)] [M.L.N.R. 90] 
ү (ix) Half life period of a radioactive element is 140 days. After 560 days, one gram of the element will 

luce to— 

(а) 1/29 (b) '/4g (c) Vsg (9) '/isg [Ans. (d)] [1.1.7. ’86] 

(x) Number of a-particles emitted per second by a radio element falls to ! /,4 of its original value in 48 
days. The half life of the alpha emitter is— 

(a) 48 days (b) 16 days (c) 12 days (d) 8 days [Ans. (c)] 

(xi) Loss of a-particle is equivalent to— 

(a) Loss of 2 neutrons only (Ы) Loss of 2 protons only (c) Loss of 2 neutrons and 2 protons (d) None of the 
above. : [Ans. (с)] 

(xii) Radioactive disintegration differs from a chemical change in being— 

(a) an exothermic change, (Б) a spontaneous process, (c) a nuclear process, (d) a unimolecular first order 


reaction, [Ans. (c)] IM.LN.R. '91] 
(xiii) In the following reaction— 
306 + — ? ;He* + Н? 
the missing particle is— 
(a) Electron, (b) Neutron, (с) Proton, (d) Deutron. [Ans. (b)] 
(xiv) When passing through an electric field, the greatest deflection is experienced by— 
(a) a-rays, (b) rays, (c) y-rays, (d) All equal. [Ans. (b)] 


(xv) An elementofatomic weight A have two isotopes of mass numbers (A~1) and (A + 2). The percentage 
of abundance of the heavier isotope is— 


la) 25, (b) 333, (c) 66:6, (d) 75. [Ans. (b)] 
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[B] Fill in the blanks : 


(1) Isotopes of an element differ in the number of ——— in their nuclei. Гил, *82] 
(2) An element ;M^ undergoes an a-emission followed by two successive В emission. The element formed 
is 1 ПАТ, '87] 
(3) Elements of same mass number but different atomic numbers are known as (LT. '83] 
(4) The number of neutrons in the parent nucleus which gives ЇЧ!“ on beta emission is " 
ПАТ. *B5] 
(5) A radioactive nucleus decays emitting one alpha ond two beta particles, the daughter nucleus 
is of the parent. ПАТ. *89] 


(6) Man made radioactive disintegration series is known as series. 
[C] State whether the following statements are true or false ? 
(1) Gamma rays are electro magnetic radiations of wave length of 10% cm to 105 cm. [1.1.1.83] 
(2) «С! and «C'2 have different chemical activity. 
(3) In beta emission from a nucleus, the atomic number of the daughter element decreases by one. 
[LL.T. '90] 
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PERIODIC CLASSIFICATION OF Л 
ELEMENTS AND PERIODIC PROPERTIES * jj 


Introduction : 

Till recently, we were familiar with 105 elements. More elements have been prepared in the laboratory. 
Consequently it is very difficult to remember all the properties of these elements and their compounds. It is for this 
reason, efforts were made in the last century to classify the elements on the basis of a common property so as to 
make a systematic study of known elements. The earliest attempts were made in ће 1 8th century to classify elements 
as metals and non metals, but later studies showed that many elements behaved both as metals and non-metals 
and no sharp line of demarcation could be drawn between them. 

In 1811 Dalton's atomic theory was established and with the 
determination of the atomic weights of a large number of elements 
with reasonable accuracy, attempts were made to classify elements 
on the basis, as given below. 

la) Dobereiner law of triads : As early as 1829, the 
German scientist Dobereiner tried to classify elements on the basis 
of his law of triads. He observed that, the three elements in a triad 
had similar properties and the atomic weight of the middle 
element was approximately an arithmetic mean of the atomic 
weights of the other two. Such group of elements were 
called 'Dobereiner's triads'. Thus, atomic weight of Li = 7 ond 
that of K = 39, then the atomic weight of the middle element 


No = Z+39 123, Similarly, Sr is the middle element between 


Ca and Ba. So the atomic wt. of Sr 
= At. wt. of Ca + At. wt of Ba _ 40+ 137 _ 88:5 


2 

Butitwas observed that the law was applicable only for a few 
elements and so was abandoned. 

(Ы The tellurique screw of De chancourtois : 

In 1863. Beguyer de chancourtois observed that when the 
elements were arranged in the order of their increasing atomic 
weights, there was a recurrence of elements having similar 
properties. He plotted the atomic weights on a helical curve 
described on a vertical cylinder which was divided into 16 equal 
parts with lines drawn parallel to the axis. Thé curve was known 
as Tellurique screw which showed that chemically similar elements 
fell on the same vertical line. 

(с) Newland's law of octave : 

Fig. 3.1 : An unfolded portion of In 1864 the English scientist Newland enunciated his law of 
De choncourtois' tellurique screw octave which states that when elements are arranged in the 
increasing order of their atomic weights, the eighth element starting from a given one, is a kind of repetition of 


the first, like the eighth note in an octave of music. 
Гета гта [ona Гө 


Ве (9.02), | В (10.8), 
М9 (24), Si (28) | Р(31), | 5(32), | Cl(35.5) 


cu 


In the table given above it is seen that the eighth element starting from Li is Na whereas K is also the eighth 
element when started from Na. Similarly Clis the eighth element from F. In fact, there are chemical similarities and 
physical analogy among Li, Na and K, so also between F and Cl. This is called law of octave because of its similarity 
with musical notes (do, re, mi, fa, sol, la, si, do). But this law of octave could not be extended to elements of atomic 
weights higher than that of Ca and as such it was soon abandoned. 
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3.1. Lother Meyer's atomic volume curve. 


The German scientist Lother Meyer in 1869 pointed out that, in general, the properties of 
the elements are periodic functions of their atomic weights. This periodicity was clearly 
shown by his classical atomic volume curve which had many sharp peaks and broad minimas. 


Periodic Table according to Lother Meyer 


@ Atomic volume of an 
element is defined as the 
volume occupied by one 
gram atom of that element. 
It is obtained by dividing the 
gram atomic weight of an 
element by its density. 

Atomic volume = 

Gram atomic weight 
Density (gram per ml) 

A close scrutiny of the 
curve shows many gene- 
ralisations. А A ii 

(i) Eachpeakisoccupied < ii HH 
by the first element of a , 
period i.e., the alkali metals Atomic Number 
Li, Na, K, Rb etc. Fig. 3.2 : Atomic volume curve 


(ii) The less active transition elements e. g., Fe, Mn, Co, Ni etc., occur at the minimas. 
(iii) Electro-negative elements occur in the left portion of the ascending sides of the graph. 
The non metallic character increases as they move towards the peaks. 


оз s HBS & 8 5 B B s а 


Atomic Volume 
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(iv) The electro-positive elements occupy the-descending slopes of the graph. 


(v) Elements with high melting points (C, Si, Mn, Fe etc.) occupy the descending portion 
of the graph and at the minimas. 

(vi) It further reveals that identically placed elements in the atomic volume curve occur in 
the same group in the periodic table. 

(vii) In a period, with the rise of atomic weight or atomic number i.e., as we move from left 
to the right, the atomic volume of the elements first decreases and then increases. This pattern 
is repeated in the next period also. 


(viii) In a group, as we move downwards the atomic volume increases, 
The following table shows the atomic volume of the elements belonging to 2nd, 3rd and 4th 


period : 
Group 
IHE NI 


[жөк [35 | 5 | 45 ] 


Period - 3 | Elements | No | se | Al Ко] 


Ee к Ыр у 
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Lother Meyer also showed that other physical properties e.g., melting point, boiling point, 
thermal and electrical conductivity, co efficient of expansion, density etc., also exhibit periodic 
property, 

3.2. Mendeleeff's periodic Law. 

In 1869, the Russian scientist Dimitri Mendeleeff put forward his classical.periodic law 
which made him immortal in the history of chemistry. The periodic law states, 

When the elements are arranged in the order of their atomic weights, the properties 
of the elements vary in a regular manner from a member to member of the series, but 
return more or less to the same value at certain fixed points in the series. 

or, in short, the physical and chemical properties of elements are periodic functions 
of their atomic weights. у 

Thus when the elements are arranged in the order of their increasing atomic weights the 
properties of the adjacent elements change monotonically. But at certain fixed points, the 
properties recur and chemically analogous elements fall into same group. 

€ Periodic property and Periodic classification : Repetition of property of an 
element at regular interval is called periodic property and the classification of the 

elements obtained by arranging them in the order of their increasing atomic weights is 
called periodic classification. 

€ Periodic table : A periodic table is the manifestation of periodic classification of the 
elements in such a way as to place chemically similar elements in the same vertical column. 
3.3. Periodic Table. 

€ Period : On the basis of his periodic law, Mendeleeff arranged the elements in the order 


ofincreasing atomic weights in horizontal rows. These rows are calledperiods. There are seven 
such periods in the modern. version of the periodic table. 
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e Groups : While placing the elements successively in a period, in the ascending order of 
increasing atomic weights and arranging the successive periods one after the other, Mendeleeff 
observed to his utter surprise that, elements having close chemical similarities fell under the 
same vertical columns. These vertical columns are called groups. There are altogether nine 
groups in the periodic table. 

e Sub groups : Except zero and group VIII, each group is divided into sub groups A and 
B. The members belonging to a sub group are more closely related than the other members of 
the same group. /n the modern version of the periodic table where elements are arranged in the 
order of increasing atomic number, elements of one sub group are called representative 
elements while the others belong to transition series. 


3.4. Main features of periodic table. 

A brief description of Mendeleeff's periodic table is given here. 

(i) Period I : It consists of two elements, Н and He. 

(ii) Period 2 : Eight elements belongs to this period (Li-Be-B-C-N-O-F-Ne), 
beginning with alkali metals Li and ending with inert gas Ne. Period 2 is called first short 
period. . 

(iii) Period 3 : This period also contains eight elements [Na-Mg-AI-Si-P-S-CI-Ar] 
and is called second short period. y 

A close study of these two short periods reveals that, the physical and chemical properties 
of the ninth element, starting from a specific element, is a repetition of the first one. e.g., 
starting from Li the ninth element is Na. The properties of Na resemble Li. 

The elements of these two short periods occur in nature to the maximum amounts and they 
typify the properties of all the other elements оў. the group to which they belong. Hence they are 
called typical elements. 

(iv) Period 4 : This period begins with strong electro-positive alkali metal K and ends with 
inert gas Kr. This period contains 18 elements and hence it is called first long period. In this 
period it reveals that, the main properties of the nineteenth element, starting from a specific 
element, is a repetition of the first one. Thus, starting from K, Rb is the, 19th element— both 
the elements have same chemical properties. This period is subdivided into Subgroup A (K, Ca, 
Ga, Ge etc) and Subgroup B (Cu, Zn, Sc, Ti etc.). According to Mendeleeff this period contains 
ten Transition elements (Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu and Zn). However, it must be 
remembered that in accordance with electronic configuration of atoms, Zn is not a member of 
transition series. K, Ca, Ga, Ge, As, Se, Br and Kr— these eight elements behave like typical 
elements. 4 

(v) Period 5 : Like previous period, this period also contains 18 elements— Rb to Xe. This 
period also contains both typical and transition elements and is referred to second long period. 
In this period also, it reveals that, starting from a specific element, the main properties of the 
19th element is à repetition of the first one. Thus Cs is the 19th element starting from Rb— both 
Rb and Cs are electro-positive alkali metals. Typical elements include Rb, Sr, In, Sn, Sb, Te, 
1 and Xe while transition elements are Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag and Cd. Electronic 
configuration however excludes Cd like Zn from the perview of Transition séries. 

(vi) Period 6 : This period consists of 32 elements and is called very long period. Yt contains 
8 typical elements (Cs, Ba, TI, Pb, Bi, Po, At and Rn), /0 transition elements (La, Hf, Ta, W, 
Re, Os, Ir, Pt, Au and Hg). Hg however does not belong to transition series due to its electronic 
configuration. This period further contains 14 rare earth elements or lanthanides. (Ce to Lu). 
Since these elements are present in nature to a negligible extent, the name ‘rare earth' is given 
to these 14 elements. S 
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Modified Mendeleef's Periodic table 
(The numbers by ће side of and below the symbol of an element indicate the atomic number and atomic 
weight respectively) 


Period Group 
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Rare earth elements 
(Lanthanides) (58-71) 


Transuranic elements 
(Actinides) (90-103) 
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(vii) Period 7 : Although looks like a very long period, this period is in fact incomplete. It 
begins with Fr and abruptly ends in U. However 13 new elements have been prepared in the 
laboratory and many more are yet to come (Super heavy elements). Elements of atomic numbers 


93 onwards are called trans uranic elements. Their electronic configurations are similar to that 
of rare earth elements and are called actinides. All the elements of 7th period are radioactive. 


vrsna | 
BM. SI. Mie үчең 


Very long period 
Incomplete 
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3.5. Significance of groups and sub groups. 


On arranging the elements in the order of their increasing atomic weights, it was observed 
that chemically related elements occupied the vertical columns called groups. There are nine 
groups— 110 УШ and 0. With the exception of 0 and group VIII, each of the groups from 
group I to VII has been divided into two sub groups A and B. The 
designations A and B for the different sub-groups are rather arbitrary. 
Some authors now label all major members of a group as belonging to sub- 
group A and all transition elements as belonging to sub group B but the 
others, label A for transition elements and label half of the major elements 
as В. We have followed the most popular way of labelling the sub groups. 
Thus, ‘A’ sub groups contain typical elements while B sub groups are 
occupied by transition elements. lt is observed that elements belonging to 
same sub group of the main group namely A or B are closely related but 
elements of A sub groups and that of B sub groups are altogether different 
except in their outermost electronic configuration e.g., group IA consists of Li, Na, K, Rb, Cs 
and Fr. These elements are closely alike—all of them are soft, having low m.p and b.p., all of 
them have low ionisation potential Li z1s2; 
andare highly electro-positive. Each | Na=152 9,2 2p* 3s! 
of them contains 1 electron in their K 21s? 252 2p* 3:2 3рё 4s! 

E iio =1s? 2s? 2p* 3s? 3р° 45 
аво principal quantum shell Rb =152 2s? 2p% 3s? 3p* 3019 4s? 4p* 5s! 
(ns') and all of them are uniformly Cs = 1s! 25 2p 3s! 3p* 34% As? 4p* 44° 55! 5p* 6s! 
monovalent. Again, the elements of 
sub. group IB (Cu, Ag, Au) are Cu c 1s 2s? 2p! 35! 3p! 3019 481 
E E Аа=1 25? 2pf 33? 3p! 3d' 4s! Ap Ad! 55! 
puc gen | i ing м te | Aus s 26 2p за 3р* 3d” 49 Apt 499 54 Spt Sd 6s! 
the ultimate shell (rs). All of them 
have high m.p. and b.p. and are less electro-positive. They belong to transition series. In fact, 
except the outermost electronic configuration, the dissimilarities of the elements of sub groups 
A and B are more than their similarities. 

Group VII contains subgroup B elements namely Мп; Tc and Re while F, СІ, Br, I 
and At belong to sub group A, but while sub group A elements are highly electro-negative 
halogen, the sub group B elements are transition elements— all of them are metals and 
solid at room temperature. As in group I, the elements of sub group A and B of group VIT 
are not analogous. Although wide differences in properties are observed between the sub- 
group A and sub group B elements of group I and VII, much similarities between the two 
sub groups have been noted in group IV, V and VI. Group VIII does not have sub group. 
Here 9 elements are present— 3 each in periods 4, 5 and 6 and all of them are transition 
elements. Zero group does not have sub group. The elements of this group are inert and act as 
a bridge between highly electro-negative halogens (group VII) and highly electro-positive 
alkali metals (group 1). 

€ Diagonal relation : A close look at the Mendeleeff's periodic table reveals that three 
elements Li, Be and B ofperiod 2 are chemically analogous diagonally to 3 other elements Mg, 
Si and Al respectively of period 3 as shown below. 


GrI п ш IV 
Period 2 P Ei Be B c 
Period-3 eds: п ийзе ah ана 


СН-Ш/7 


(Electronic Configuration of group IA and IB elements) 
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This similarity is known as diagonal relationship.This is surprising, because the outermost 
electronic configurations of these 3 diagonally related elements are quite different. Similarity 
in properties is probably due their closer charge/radius ratio (e/r). 


3.6. Merits of periodic table. 

Mendeleeff's periodic table has many merits and serves many purposes. Some of these are 
discussed here. 

(1) Systematic classification of elements : By far the most important usefulness of 
periodic table is to systematise the study of elements and their compounds so as to assimilate 
a large amount of chemical facts and their probable relations in a comprehensive manner. 
Chemically analogous elements are placed in similar groups. Hence if we know the properties 
of any one element of this group, we can predict the properties of all other elements belonging 
to the same group. In fact, periodic table has reduced the study of chemistry of more 
than hundred elements practically to that of nine groups only. Hence if we know the position 
of an element in a group, we can predict its properties from a knowledge of the other 
elements in the group. Hence in reality, the study of elements is really the study of the 
periodic table. 


(2) Correction of deubtful atomic weights : Mendeleeff's periodic table was based 
upon increasing order of the atomic weights of the elements. An element has got only 
one fixed place in this table which was fixed by comparing its properties with those of 
adjacent as well as congener elements. The exact atomic weights of Be and In were not 
known with certainity during the time of Mendeleeff e.g. it was argued before Mendeleett, 
that since Be has certain similarities with Al, hence Be must be trivalent like Al. 
Hence atomic weight of Be would be 4.5 x 3 = 13.5; 4.5 being the equivalent weight of Be. 
But while preparing his periodic table, Mendeleeff could not find any vacant place with 
atomic weight 13.5. Hence he asserted that Be must be bivalent (because of its similarity 
with Mg, Ca etc.) and corrected its atomic weight as (4.5 x 2 = 9.0) and placed it in 
group Il between Li and B. Subsequent determination of atomic weights of elements, 
later on confirmed his argument. Again, because of the natural occurrence of In with zinc 
blende (ZnS), it was thought to be bivalent. Hence the atomic weight of In was assigned 
to be 76.00 (Eq. wt. of In = 38. At. wt. = 38 x 2 = 76). Mendeleeff found the same difficulty 
in placing In in his periodic table, because the place was already occupied by an element. 
Then he compared the chemical properties of the element with Al and found to be 
identical. Hence he corrected the atomic weight of In from 76 to 383 = 114 and unhesitatingly 
placed it in group III along with B, Al, and Ga. The accepted atomic weight of In is today 
114.76. 


(3) Prediction of undiscovered elements : In the original table, Mendeleeff left 
many vacant spaces in order to accomodate new elements to be discovered in future. By 
comparing properties with adjacent and congener elements he even predicted the physical 
and chemical properties of these unknown elements. Subsequent discovery of these elements 
and verification of their observed properties later on confirmed Mendeleeff's prediction. 
Mendeleeff kept three vacant spaces for three undiscovered elements—below B and Al in 
group Ш and one space in group IV below Si. He called them eka boron, eka aluminium and 
eka silicon respectively. The 3 elements were discovered during his life time and it was 
interesting to record that all his anticipations were found to be correct. Thus his eka aluminium 
became gallium discovered by de Boisbaudran in 1875, his eka boron was the scandium 
discovered by Nilson in 1879 and his eka silicon was germenium discovered by Winkler in 
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1886. The comparison of the predicted and observed properties of eka silicon and germenium 


are summarised below. 


ix) Action on alkali 


x) Method of 
Preparation 


(xi) Properties of oxide 


(xii) Properties of 
Tetrachloride 

(xiii) Properties of 
tetra fluoride 

(xiv) Organo metallic 
compound 


Properties 
i) Atomic wt. 
(ii) Atomic volume 13 сс 
(iii) Specific gravity 55 
(iv) Colour Dirty, grey 
v) . Specific heat 0.073 
vi) Heating in air EsO; (white) will be formed. 
vii) Action of water Decomposes steam with difficulty. 
viii) Action of acid Reacts feebly with acids. 


| Predicted by Mendeleeff for Observed for germanium 
eka-silicon (Es) (1871) after its discovery in 1886 
72 72.32 


Has no action on alkalis. 


(a) By reducing EsO; by metallic 
Na and 

(b) K2 Es Е, by metallic Na 
EsO; : Refractory, Sp, gr = 4.7 
Mol. vol 22 сс 

ЕСІ, is a liquid, 

b.p. 100°C, sp. gr. 1.9 

EsF, is not liquid. 


Es(CoHs),, b.p. 100°C 


13.22 cc 

5.47 (at 20°С) 

Greyish white 

0.076 

GeO, (white) is formed. 

Does not decompose water. 

Does not react with HCl but soluble in 
aqua regia. 

Has no action on aqueous KOH or 
NaOH but burns in molten KOH. 

(о) By reducing GeO; by by carbon. 
GeO, + 2С = Ge + 2CO 

(b) K2 Ge Fs by metallic Na 

GeO, : Refractory, Sp, gr 4.7 

Mol. vol 22.16 сс 

бесі, is a liquid, 

b.p. 86°С, sp. gr. 1.887. 

Се, ЗНО is a white crystalline solid at 
room temperature. 

Gel(C;H;),, b-p. 100°C 


It may be further noted that periodic table of Mendeleeff supplied valuable informations 
in the discovery of some rracer elements like Tc (43), Pm (61), Re (75), Hf (72), Po (84), At 
(85) and Fr (87). Hence it may be logically concluded that acceptance of Mendeleeff's periodic 
classification of elements brought about a renaissance in chemistry. 

(4) Electronic configuration of elements : A true consequence of the periodic law i.e., 
‘properties of elements are periodic in nature’, is the logical deduction of periodic recurrence 
of electronic configurations of atoms. This suggests that all elements belonging to the same 
group, must have identical electronic configurations of the outermost shell. 

3.7. Defects of Mendeleeff's periodic table. 

In spite of the above merits, the periodic table of Mendeleeff is not free from defects. These 
defects or shortcomings are as follows :— 

(1) Discrepancy in periodicity : The principle of periodic law i.e., drrangement of 


elements in the order of increasing atomic weights, was not maintained in certain cases. 
There are four pairs of elements, where elements with higher atomic weights have been 
placed before elements of lower atomic weights. These are definitely a violation of the periodic 
law. These are— P 

(a) Te (At. wt. 127.61) and I (At. wt. 126.92), Telurium is placed before Iodine. 

(b) Ar (At. wt. 39.94) and К (39.1), Ar is placed before potassium. 

(с) Co (At. wt. 58.94) and Ni (At. wt. 58.69), Co is placed before Ni. 

(d) Th (At. wt. 232.12) and Pa (At. wt. 231.0), This placed before Pa. 

(2) Position of Hydrogen : The position of hydrogen in the periodic table is controversial. 
Its correct position in the table is wanting. This is due to the peculiar nature of hydrogen. It 
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exhibits close similarities with the electro-positive alkali metals of Gr IA, on the other hand it 
also shows close resemblances with the electro-negative halogens of Gr VII A. Consequently 
a separate position above the table has been fixed for hydrogen. 

(3) Position of rare earths : La and 14 other rare earth elements have been placed in one 
position i.e., in Gr III of 6th period, although all of them have different atomic weights. 
Mendeleeff violated the principle of periodic table i.e., separate positions for separate elements, 
by putting all the 14 elements in one single position. Again the table can not confirm the actual 
number of rare earth. 

(4) Inspite of having different atomic weights, the isotopes of the same element have been 
placed in the same position. 

(5) In some cases, elements with almost identical properties have been placed in different 
groups e.g., Cu and Hg, exhibit strong similarity in many respects but Cu has been placed in 
Gr IB and Hg in Gr II B. 

(6) In some cases elements with different chemical and physical properties are placed in 
the same group. Thus, for example, the most active alkali metals (Li, Na, K etc) have been 
placed along with almost inactive coinage metals Cu, Ag and Au of transition series in 
group 1. Similarly Mn, Tc & Re with no similarity at all with F, Cl, Br etc., have been put 
together in group VII. 

(7) ‘One position for one element'— this principle of the periodic table has been violated 
clearly in Gr VIII where Fe, Co and Ni in period-4, Ru, Rh and Pd in period 5 and Os, Ir and 
Pt in period 6, have been put together. No where in the table, this anomaly— three elements in 
one group, is present. 

(8) This periodic table does not make any attempt to indicate a separation of metals from 
non metals. 

(9) It has been accepted that chemical properties of elements are functions of electronic 
configuration— but the table does not provide any satisfactory relationship between the two. 

* All the above defects have been rectified by arranging the elements in the order of increasing 
atomic number based on modern periodic law. 


3.8. Modification of Mendeleeff’s periodic law and classification of 
elements according to atomic number. 

Mendeleeff reasoned that atomic weight is the fundamental property of an element i.e., 
properties of an element depend upon its atomic weight. But after the discovery of isotopes it 
became crystal clear that an element may have different masses but its chemical properties 
remain same. In 1913 Mosley from his observation on the X-ray spectra on a number of 
elements, came to the conclusion that atomic number is more accurate in the identification of 
an element than its atomic weight. Moreover the atomic number of an element is its serial 
number or position numberin the periodic table. Hence elements are arranged in the ascending 
order of their atomic numbers in the modern periodic table: 


@ Modern periodic law. 

(a) The properties of elements are the periodic functions of their atomic numbers and 
(b) the properties of the elements depend upon their electronic configurations. 

The above two statements are equivalent. This is due to the fact that the repetitive filling of 
different shells of electron, one after the other, produces the same electronic configuration of 
the outermost shell time and time again. As a result, the elements are arranged in order of 
increasing atomic numbers in the modern periodic table. 

Since the atomic number of hydrogen is 1, so it is placed in the first position followed by 
2He, 3Li, Ве, В etc., in different groups and heaviest element uranium takes 92nd position. 
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Trans-uranic elements from Np (At. no. 93) to habnium (At. no. 105) have been placed 
successively according to the increasing order of atomic numbers. 

e Short description of modern periodic table : 

The modern periodic table is divided horizontally into periods from left to right whereas 
vertically it is divided into columns called groups. 

(1) There are seven periods in this table. The first period contains 2 elements. 

The second and third periods contain 8 elements each. These two periods are known as 
short periods. Fourth and fifth periods each contains 18 elements, while sixth period contains 
32 elements. Seventh period is incomplete— only five elements are present e.g., Fr (87), 
Ra (88), Ac (89), Ku or Rf (104), and Ha (105). 

(2) There are 9 groups in the modern periodic table. As in Mendeleeff's periodic table 
Gr I to Gr VII are sub divided into sub groups A and B. 

Inert gases occupy zero (0) group and Gr VIII contains 9 elements, 3 in each period 4, 5 
and 6, All of these elements are transition elements. 

e Interpretation of defects of Mendeleeff's periodic table in the light of atomic 
structure and periodic law based on atomic number. 

When the elements are arranged in order of increasing atomic numbers in the modern 
periodic table, all the earlier anomalies and defects of Mendeleeff's periodic table were 
reelitied, 

(1) In order to maintain chemical periodicity in the Mendeleeff's periodic table, four pairs 
of elements e.g., Ar and K, Co and Ni, Te and Land Th and Pa were placed in the reverse order 
of their atomic weights. In the modern periodic table this anomaly has been disappeared, as the 
atomic number of Ar (18) is less than that of K (19), the atomic number of Co is less than that 
of Ni and soon. Hence the position of K after Ar or Ni after Co or I after Te is justified as shown 
in the following table : 


Pair of elements| Ar — K Co — Ni Te — | | Th — Ра 

© — 
Atomic number 18 19 27 28 52 53 90 91 
Atomic weight 40 39 59.8 58.6 127.6 126.9 232.12 231 


(2) The assignment of atomic numbers to successive elements and the arrangement of 
clements in the increasing order of atomic numbers confirmed that there are 14 rare earth 
elements starting from Ce (58) to Lu (71). 


Ce | Pr Nd] Pm | Sm] Ev | Gd | Tb 
4198 52 60 |* 61 62 63 64 65 


These elements have not been placed in one position as in Mendeleeff's periodic table. 

The general electronic configuration of these elements is— 
(n-2)f!-" (n- 1) s? p*d'v9 pg? 

It is clear from the electronic configuration that as the new electron goes to complete the 
inner (n — 2)/ shell, the valency electrons are not at all affected. Thus these elements differ only 
in atomic numbers but exhibit properties like a single element. They are uniformly trivalent 
having similar chemical properties. Hence they have been placed below the modern table in a 
separate group of elements. 

(3) While arranging the 18 elements in the long periods into 9 groups, it was found that 0 
group contains one element and 2 elements were placed in each from Gr I to Gr УП and the 
remaining 3 elements were placed in Gr УШ. e.g., the placement of Fe(26), Co(27), Ni(28) in 


Dy 
66 


Ho] E | Tm | Yb | lv 
67 68 69 70 71 
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exhibits close similarities with the electro-positive alkali metals of Gr IA, on the other hand it 
also shows close resemblances with the electro-negative halogens of Gr VII A. Consequently 
a separate position above the table has been fixed for hydrogen. 

(3) Position of rare earths : La and 14 other rare earth elements have been placed in one 
position i.e., in Gr III of 6th period, although all of them have different atomic weights, 
Mendeleeff violated the principle of periodic table i.e., separate positions for separate elements, 
by putting all the 14 elements in one single position. Again the table can not confirm the actual 
number of rare earth, 

(4) Inspite of having different atomic weights, the isotopes of the same element have been 
placed in the same position. 

(5) In some cases, elements with almost identical properties have been placed in different. 
groups e.g., Cu and Hg, exhibit strong similarity in many respects but Cu has been placed in 
Gr IB and Hg in Gr II B. 

(6) In some cases elements with different chemical and physical properties are placed in 
the same group. Thus, for example, the most active alkali metals (Li, Na, K etc) have been 
placed along with almost inactive coinage metals Cu, Ag and Au of transition series in 
group I. Similarly Mn, Tc & Re with no similarity at all with Е, Cl, Br etc., have been put 
together in group VII. 

(7) ‘One position for one element'— this principle of the periodic table has been violated 
clearly in Gr VIII where Fe, Co and Ni in period-4, Ru, Rh and Pd in period 5 and Os, Ir and 
Pt in period 6, have been put together. No where in the table, this anomaly— three elements in 
one group, is present. 

(8) This periodic table does not make any attempt to indicate a separation of metals trom 
non metals. 

(9) It has been accepted that chemical properties of elements are functions of electronic 
configuration— but the table does not provide any satisfactory relationship between the two. 

* All the above defects have been rectified by arranging the elements in the order of increasing 
atomic number based on modern periodic law. 


3.8. Modification of Mendeleeff’s periodic law and classification of 
elements according to atomic number. 

Mendeleeff reasoned that atomic weight is the fundamental property of an element i.c. 
properties of an element depend upon its atomic weight. But after the discovery of isotopes it 
became crystal clear that an element may have different masses but its chemical properties 
remain same. In 1913 Mosley from his observation on the X-ray spectra on a number of 
elements, came to the conclusion that atomic number is more accurate in the identification of 
an element than its atomic weight. Moreover the atomic number of ап element is its serial 
number or position numberin the periodic table. Hence elements are arranged in the ascending 
order of their atomic numbers in the modern periodic table: 


€ Modern periodic law. 
(a) The properties of elements are the periodic functions of their atomic numbers and 
(b) the properties of the elements depend upon their electronic configurations. 

н The above two statements are equivalent. This is due to the fact that the repetitive filling of 
different shells of electron, one after the other, produces the same electronic configuration of 
the outermost shell time and time again. As a result, the elements are arranged in order of 
increasing atomic numbers in the modern periodic table. 

Since the atomic number of hydrogen is 1, so it is placed in the first position followed by 
2He, Li, ,Be, В etc., in different groups and heaviest element uranium takes 92nd position. 
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Trans-uranic elements from Np (At. no. 93) to habnium (At. no. 105) have been placed 
successively according to the increasing order of atomic numbers. 

e Short description of modern periodic table : 

The modern periodic table is divided horizontally into periods from left to right whereas 
vertically it is divided into columns called groups. 

(1) There are seven periods in this table. The first period contains 2 elements. 

The second and third periods contain 8 elements each. These two periods are known as 
short periods. Fourth and fifth periods each contains 18 elements, while sixth period contains 
32 elements. Seventh period is incomplete— only five elements are present e.g., Fr (87), 
Ra (88), Ac (89), Ku or Rf (104), and Ha (105). 

(2) There are 9 groups in the modern periodic table. As in Mendeleeff's periodic table 
Gr I to Gr VII are sub divided into sub groups A and B. 

Inert gases occupy zero (0) group and Gr VIII contains 9 elements, 3 in each period 4, 5 
and 6, All of these elements are transition elements. 


e Interpretation of defects of Mendeleeff’s periodic table in the light of atomic 
structure and periodic law based on atomic number. 

When the elements are arranged in order of increasing atomic numbers in the modern 
periodie table, all the earlier anomalies and defects of Mendeleeff's periodic table were 
teclitied, 

(1) In order to maintain chemical periodicity in the Mendeleeff's periodic table, four pairs 
of elements e.g., Ar and K, Co and Ni, Te and I and Th and Pa were placed in the reverse order 
of their atomic weights. In the modern periodic table this anomaly has been disappeared, as the 
atomic number of Ar (18) is less than that of K (19), the atomic number of Co is less than that 
of Ni and soon, Hence the position of К after Ar or Ni after Co or I after Te is justified as shown 
in the following table : 


Pair of elements | Ar — K Te — | | Th — Ра 
Atomic number 18 19 27 28 52 53 90 91 
Atomic weight 40 39 59.8 586 127.6 126.9 232.12 231 


(2) The assignment of atomic numbers to successive elements and the arrangement of 
elements in the increasing order of atomic numbers confirmed that there are 14 rare earth 


elements starting from Ce (58) to Lu (71). 
Ce Pr Nd | Pm | Sm| Eu Gd | Tb Ho| Er Tm | Yb lu 
. 98 59 60 | ól 62 63 64 65 67 68 69 70 71 

These elements have not been placed in one position as in Mendeleeff's periodic table. 

The general electronic configuration of these elements is— 
(n-2)fi- ^ (n- 1) s? p*d!*9 pg? 

It is clear from the electronic configuration that as the new electron goes to complete the 
inner (n — 2)f shell, the valency electrons are not at all affected, Thus these elements differ only 
in atomic numbers but exhibit properties like a single element. They are uniformly trivalent 
having similar chemical properties. Hence they have been placed below the modern table in a 
separate group of elements. 

(3) While arranging the 18 elements in the long periods into 9 groups, it was found that 0 
group contains one element and 2 elements were placed in each from Gr I to Gr VII and the 
remaining 3 elements were placed in Gr УШ. e.g., the placement of Fe(26), Co(27), Ni(28) in 


Dy 
66 
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Gr VIII of fourth period. Although the placing of 3 elements in one position is a serious defect, 
their electronic configurations confirm their position in Gr УШ, because all of them possess two 
valency electrons and are in general bivalent. Their chemical properties remain practically 
unaltered with the change of atomic numbers. This is because of the fact that, with the increase 
of atomic number by one unit, the resulting extra nuclear electron goes to the incomplete inner 
3d sub shell instead of outermost shell. 


(4) When the inert gases were discovered, they were placed in 0 group which acts as a 
bridge between the highly electro-negative halogens (Gr VII) and highly electro-positive alkali 
metals (Gr IA)— a fact justified by modern theory of valency. 


(5) Isotopes of the same element have been placed in the same place in the periodic table 
since they possess the same atomic number. 


(6) Justification for the dissimilar elements being placed together— this apparent discre- 
pancy of placing dissimilar elements in the same group can be justified by their respective 
electronic configurations. 


(a) Thus the coinage metals and alkali metals have been placed in group I. This is attributed 
to their outermost electronic configurations, because each of the coinage metals contains one 
electron in their outermost shell like those of alkali metals. However presence of ‘d’ orbital 
makes the coinage metals entirely different from alkali metals. Hence the coinage metals have 
been placed in sub group (B) and the alkali metals are placed in sub-group (A)). 


(b) Similar elements like Ba and Pb have been placed in different groups. This is because, 
Ba contains 2 electrons in the outermost shell (65?) and is always divalent while lead contains 
4 electrons in the outermost shell (6s? 65?) and exhibits valency 2 and 4. 


€ Position of hydrogen in the periodic table : 

Hydrogen is the first member of the periodic table with atomic number 1. Ils electronic configuration is 
1s!. It can give an electron to form Н? ion with electronic configuration 15°. Similarly it can accept electron 
to form hydride ion H` with electronic configuration 157. Hence it possesses both electro-positive character 
(tendency to lose electron) like alkali metals and electro-negative character (tendency to gain electron) 
like halogen. Consequently it resembles the alkali metals of Gr ІА while in some respects it resembles the 
halogens of Group VII A. Thus it exhibits dual character. So hydrogen can be placed both in Gr IA and 
Gr VII A. The points of resemblances of hydrogen with alkali metals and halogen are discussed below : 

(1) Resemblances with alkali metals : 

(i) Like alkali metals, hydrogen also contains only one electron in the outermost s orbital, The outermost 
electronic configuration of hydrogen and alkali metals is ns, where for hydrogen n = 1, for Li n = 2 for Na, 
n= З and so on. This explains why the valency of hydrogen is 1 like the alkali metals. 

(ii) The alkali metals are highly electro-positive. They can easily lose 1 electron to form cations. 

Na- e Na’, K-e> Kt 

Hydrogen is also electro-positive and can easily lose its solitary electron to form H* cation. H- e > H* 

(її) Like the alkali metals, hydrogen is also a good reducing agent. 

(iv) The halides of alkali metals are soluble in water and ionise to form.cations. Similarly the aqueous solution 
of hydrogen halides produce H* ion. On electrolysis of molten sodium chloride Na is liberated at the cathode, so 
also Нә is liberated at the cathode, when aqueous solution of HCI is electrolysed. 

NaCl = Na* + CF HCl = H* + СГ 
At cathode : Na* + е > Na. At cathode: H* +e 3H, Н+Н=Н; 

(v) Alkali metal oxides are highly stable like hydrogen monoxide HO. Hz forms peroxide (H203) like alkali 
metal peroxides Na?O». 

(vi) The electron affinity of hydrogen (-72 kJ mole ~') is comparable with alkali metals Li (-57 kJ mole ^!) 
whereas the electron affinity of halogens are quite high. Therefore it follows that hydrogen can be placed in Gr 
IA along with the alkali metals. 
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(2) Resemblances with halogens : 

(i) Like hydrogen all the halogens are non metals. Both hydrogen and halogen molecules are diatomic and 
dimagnetic. Whereas the alkali metals are mono atomic and paramagnetic. 

(ii) All the halogen atoms are highly electro-negative and all of them can accept an electron to form anions. 
Hydrogen oxidises the alkali metals by accepting electron from them to form Н anion, Just like chlorine, which 
oxidises sodium to form NaCl. As a resultwhen fused alkali hydrides are electrolysed, hydrogen gas is liberated 
at the anode just like the electrolysis of fused NaCl where chlorine is liberated at the anode. 

NaCl = Na* + CI | NaH = No* + Н 
Atanode:Cl - e + Cl At anode : H`- e > H 
C+Cl=Cl H«HeH, 

(iii) The alkali metal hydrides possess cubic structure like that of sodium chloride. 

(iv) Hydrogen forms covalent hydrides with carbon e.g., hydrocarbons. Halogens also form well known 
halides of carbon e.g., СС. The hydrogen atoms of the hydrocarbon can be replaced by chlorine or bromine 
by substitution reaction, which explains the equivalence between hydrogen and halogens. 

| 1 d d 
CH сна. 20, сна, 296 gig Se, cn 

v) The ionisation potential of hydrogen (13.58 eV) is of the same order as those of halogens as recorded 
below. F (17.42 eV], Cl (13.00 eV), Br (11:8 eV), 1 (10.4 eV). On the otherhand, ionisation potential of alkali 
metals are much lower than that of hydrogen. Li (5.39 eV), Na (5.14 eV], 


K (4.34 eV), Rb (4.18 eV). ge te Ар He 
(vi) If hydrogen be placed їп Gr VII A, there remains no vacant space ioo А ا‎ \ 
in between Н(1) and He (2) thus maintains the continuity in the periodic li Be B C N O Е Ne 
table. If on the otherhand hydrogen is placed їп Gr 1A, there remains six | | | | | | | 
vacant spaces— a discontinuity in the periodic table. NaMgAl Si P S Cl Ar 


In view of the above points of resemblances, itis very difficult to assign А j * 
the correct position of hydrogen which is attributed to the dual properties Fig. 3.3 i Controversial position 
of the element. of H in the periodic table 


As a result of this controversy, some scientists prefer to assign а separate position of hydrogen above the 
table in between Gr IA and group VII A instead of bracketing the element either with alkali metals or with the 
halogens. 


3.9. Classification of the elements on the basis of electronic 
configuration— extra nuclear structure as the basis of periodicity. 


While arranging the elements in order of increasing atomic numbers, a close relationship 
is observed between the electronic configuratons of elements and the chemical periodicity. 


(i) Monotonic increase of atomic number of elements from left to right in the periodic table 
implies the increase of one electron in the outmost shell of the element. These electrons are 
filled in the s, р, d etc., orbitals in accordance with Aufbaue principle. As the chemical 
properties are repeated at intervals, their electronic configurations must be repeating in the 
same way and it follows therefore, the beginning of anew principal quantum shell e.g., 15, 2s, 
3s cte., indicates the beginning of anew period in the table. Thus, the arrangement of elements 
in the periodic table according to modern periodic law is based upon the sequence of energies 
of different orbitals of an atom. 


(ii) The chemical properties of an element are governed by the number and arrangement 
of electrons in the outer most shell. It follows therefore, that the addition of each electron in the 
outer most shell changes completely the chemical properties of any element. On the other hand 
it has been observed that due to the presence of same number electrons (valency electrons) in 
the outer most shell, the elements belonging to the same group resemble each other in their 
chemical properties. 

(iii) Each periodin the table is characterised bya principal quantum number i.e., the period 
number of the periodic table indicates the principal quantum number of an element. 
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(iv) Again each period indicates the completion of s, p, d etc., orbitals and the period is 
completed with an inert gas element having completely filled s and p orbitals. Thus in the 2nd 
period 2s and 2p orbitals are completely filled, in the 3rd period, 3s and 3p orbitals are 
completely filled and so on, 


Let us now examine critically the relation between the electronic configuration of an 
element and its position in the long form of periodic table. 

(1) The first period : Contains two elements— Н and. He. Since their principal 
quantum number is I(n = 1) which contains only s-orbital having maximum occupancy 
of 2 electrons, this period can hot accomodate more than two elements e.g., Н = 15' and 
He = 25°. 

(2) The second period : The principal quantum number of the second period is two 
(n = 2). Since this principal quantum number can have two subshells s and p which can 
contain maximum of 2 and 6 electrons respectively, the total number of elements in the 
second period is 8. The period begins with Li (157, 25"), and then electrons are filled up 
one by one and is completed in Ne (15? 2s? 2pf). Hence 8 elements are there in the second 


period. 
Group ЕШ I n 
Period 2 ali Be 
1 


ш IV M VI 
8 «С N © Ме 
Electronic 18225! | 1828 | 1822p | 1282p | 15252p! | 1822p | 1 322572? | 1322225 


configuration 
(3) By analogy with the above, it can be theoretically predicted that the 3rd period 
begins with Na (n = 3) (1572572p'35') and ends with Ar (1522522р03523р“) containing 
8 elements having sand p orbitals. Although the third quantum shell can theoretically contains 
18 electrons, yet only 8 elements are accomodated in this period because the outermost 
shell can not hold more than 8 electrons. 


e arrangement 
of outermost orbit 


The electronic arrangements of the outermost shell of the elements of 3rd period. 


(4) The fourth period starts with K (n = 4) (1522522р"35°3р?45') and ends with Kr 
(152°2522р°3523р°3а\® 4s?4p^). 

The fourth period is the first long period which contains 18 elements. The electronic 
configurations of the outermost orbits of K and Kr are 4s! and 4s? 4р“ respectively. When 
the 4s subshell is filled up by 2 electrons (maximum number of electron that can s orbital 
accomodate) as in Ca (1522522p535?3p545^), the next electrons go to the inner 3d subshell which 
remained vacant so far. Thus the filling of 3d sub shell starts with Sc (1s? 2s? 2p* 3s? 3p^ 3d' 
As?) and ends with Zn (15? 25? 2p* 3s? 3p5 3d" 4s?). Thus additional 10 elements with electrons 
in 3d sub shell are present in the 4th period. These аге d block elements commonly called 
transition elements (correct definition and characterisation rules out the inclusion of Zn as 
transition element). 

(5) The fifth period is the 2nd long period which contains 18 elements. Tt starts with Rb and 
ends with Xe. The electronic configurations of the outermost shell of Rb and Xe are 5s! and 55° 
5p* respectively. The principal quantum number of the outermost shell of the elements of this 
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period is 5. When the 5s sub shell is filled up with 2 electrons as in Sr (1s? 2s? 2p* 3s? 3p6 За! 
452 4p* 55?) the next electrons go to the inner 4d sub shell which remained vacant so far. Thus 


the filling of d subshell in this period starts from Y (39) and SE ENE акттан 


ends with Cd (48). Thus additional 10 elements with 


electrons in 4d sub shell are present in the 5th period also. lone Element | _ £ arrangement 
These are also d block elements and are commonly called of outermost orbit 
transition elements, but Cd is not a transition element. The IA K 3d4s 
elements belonging to 4th and 5th periods are analogous in nA Ге 3442 
stricture and electronic arrangement. ИТУ 

(6) Thesixth period : This period having the outermost il se E 
principal quantum number 6 begins as usual with the alkali ув Ш 3 4$ 


metal Cs (6s!) and ends in Rn (6s? 6p*). The peculiarity of VB V За As? 


this period is the inclusion of large number of elements— VIB Сг "^35 45! 

10 d block elements La (57), Hf (72) to Hg (80) and /4 f oy | 
block rare earth elements, starting from Ce (58) to Lu (71). МВ 

The filling of 4fsub shell starts with Ce and ends with Lu. Fe | 30 45 

These 14 rare earth elements are not placed in the main VIII Co За? 4s? 

table but below the table in a separate block along with the Ni | adé4s — | 
actinides. Inclusion of these 14 elements outside the periodic dias 

table in a separate block is fully justified in order to в | E? : 
maintain the recurrence of properties in the periodic table. IIB Zn | 3919 457 
However, whereas the periodicity is maintained after 18 ША Ga | 3d" 4s? 4p! 
elements among the first 3 elements of 4th, 5th and 6th IVA Ge | 3d" 4s? 4p? 


period, the recurrence is observedafter 32 elements between va | 


10 3 
the 4th elements onwards in the 5th and 6th period, e.g., Zr 23 TERES 


(40) and Hf (72), Ag (47) and Au (79) and so on. VIA Se | 3d!° 4s 4р 
(7) The seventh period : This period, in fact, is a VIIA Br 3d" 45 4р5 
repetition of the sixth period having 19 elements so far 0 Kr 3d' 452 4р“ 


discovered. The period is incomplete and contains 14 f- Electronic arrangements of the outer- 
block elements (actinides) and only three d-block (6d) most shell of elements of Ath period. 
elements. All the elements of this period are radioactive. The period begins with Fr (7s) and 
is expected to end in (75° 7p*), analogous to Rn (6s? 6р“) in sixth period. 
* To find out the position of an element in the periodic table from a knowledge of its electronic configuration : 
Truly speaking the long form of periodic table is a reflection of the electronic configurations of elements, 
ause os we move from left to the right, the electrons are added successively and a regular order is 
maintained. As a result, elements with the same outermost electronic configurations occupy the same group 
. and with same outermost principal quantum number occupy the same period. The total number of electrons in 
the outermost shell of an element denotes its group number and the principal quantum number of the outer- 
most shell of an element denotes its period number. 
let us consider the position of 2A“ in the periodic table. Since its atomic number is 20, its electronic 
configuration is 1s? 2s? 2р5 3s? 3p*[4s4). The principal quantum number of the outermost shell of this element is 
4, therefore the element A belongs Ю 4 period. Again the element A contains 2 electrons in the outermost shell. 
Hence the element A is a member of group Il i.e., the element A occurs in group Il in the 4th period. 


3.10. Types of elements. 


Using electronic configuration as a criterion, the elements are classified into four different 
types. (1) Inert gas elements, (2) Representative elements, (3) Transition elements and (4) 
Inner transition elements. ч 

j (1) Type-1— Inert gas elements ; Elements with outermost shell electronié-configuration 
ns^np* [except He (1s?)] are called inert gas elements. There are altogether six inert gas 
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elements— He (2), Ne (10), Ar (18), Kr (36), Xe (54) and Rn (86) are known. Because of the 
stability of their electronic configurations, these elements do not enter into ordinary chemical 
reactions. These elements belong to group of the periodic table. 

(2) Type-II— Representative elements : Elements with outermost electronic 
configurations ns! to ns? np? belong to this category. Elements of Groups IA, ПА, ПВ and 
IIIA to VIIA are the members of this class. The elements of this type are chemically active. 
They tend to enter into chemical combination either by sharing or losing or gaining 
electrons to attain the electronic configuration ns? np* for the outermost shell. The 
name'representative' has been assigned to these elements because of their frequent 
occurrence in nature and because they typify the properties of all other elements of the 
group to which they belong. Altogether 41 elements including metals, non metals, gases, 
liquids and solids at room temperature belong to this type. The typical elements are shown 
in the table. 


Gria | WA [| UB TE А | МА | wa | 


Period 


1 
2 
30 
4 
5 
* NS Bo | Hg 
a 7 Fr [ва 
Electronic ns! ns | (n-1) spd | nsnp' nnp | пётр? | nsnp* ппр* 
configuration j^ ns? | 
(3) Type-III—Transition elements : An element having incomplete ‘d’ shell either in 
ground state or in the most stable valency state, is called a transition element. These elements 
are also called d-block elements. 

Although Cu, Ag and Au have completed d shell, yet they are included as transition 
elements, because in their stable valency state they possess incomplete d shell i.e., Cu (II) has 
34° configuration, Ag (II) has 4d? configuration and Au (Ш) has 5d* configuration. This 
definition excludes Zn, Cd and Hg, because in their stable valency states they possess d'? 
configuration. 

There are 30 transition elements, divided into 4 series corresponding to 3d, 4d, 5d and 6d 
orbitals. The series begins with Group ШВ elements Sc, Y, Laand Ac and ends with Cu, Ag, Au 
and Ha (105) (incomplete). The transition elements exhibit striking similarities with each other. 

ө General properties of transition elements : 

(i) Metallic character : All the transition elements are metals due to the presence of small 
number of electrons in the outermost shell— all of them are hard, malleable and ductile. AM 
of them possess high tensile strength. 

(ii) Transition metals are good conductors of heat and electricity. 

(iii) Melting and boiling points : All of them are heavy metals and have high m.p and b.p. 

(iv) Density : As the inner orbitals of the transition elements get filled, the increased nuclear 
charge pulls the electron-cloud inward and as a result the atomic volumes of these elements 
decrease with the increase of their densities. 

(v) Jonisation potential : lonisation potential values of transition elements generally lie 
between those of s-block and p-block elements. 


o 
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(vi) Colour : Transition metal salts are coloured. 

(vii) Variable valency : Variable valency of these elements isa general rule. This is because 
of the fact that, the core left after the atom loses valency electron, becomes unstable and tends 
to lose one or more electrons further from the d-shell. As for example in case of iron, 

Electronic configuration of Fe atom = [Ar] 34° 452. 

After losing 2 valency electrons the electronic configuration of Fe? = [Ar] 34° (core). 

The core becomes unstable and so loses 1 electron from d sub-shell and becomes Fe?* 

So the electronic configuration of Fe?* = [Ar] 345 

(viii) Catalytic property : Most of the transition metals, their alloys orcompounds are used 
as catalysts e.g., Pt, Fe, Ni, V;O; etc. 

(ix) Magnetic property : Because of partially filled d sub-shells i.e., due to the presence of 
unpaired electrons in d orbitals, most of the transition metals are paramagnetic. Fe and Co аге 
ferromagnetic. 

(x) The cations of transition elements have greater tendency to form complexes. They also 
form wide range of co-ordination compounds because of the presence of d orbital. 

(xi) All the transition metal ions are typical Lewis acids. 

ө Explain why Cu is a transition element while Zn is not. 

The electronic configurations of Cu and Zn are as follows :— 

Со (29) = 152 252 2р5 3s? 3p* 3d'? 4s! Zn (30) = 1s? 25? 2р6 3s? 3p* 3d'? 4:2 
Both Cu and Zn have completed 3d sub-shell yet Cu is transition but Zn is not. From the defihition of transition 
elements, the presence of incomplete d sub-shell either in the ground state or in the most stable oxidation state is 
the primary criterion of a transition element. From ground state electronic configuration neither should be included 
in the transition series. Yet Cu is a transition element but Zn is not.This is because of the fact that, the most stable 
valency state of these two elements are +2 and the electronic configurations of these 2 elements in the +2 state 


show that Cu has 3d? (incomplete d sub-shell) but Zn has still 3919 (completed d shell) configuration. Thus Cu is 
a transition element but Zn is not. 


Cu (1) = 1s? 2s? 2р5 3s? 3p* 3d? Zn (1) = 1s? 2s? 2p* 3:2 3р5 31° 
The following thirty elements belong to transition series. 


(4) Type IV—Inner transition elements : In these elements either in their ground state or 
in any of their common oxidation state the last electron goes to the. f orbital of antepenultimate 
shell i.e., the last electron enters (n— 2)f sub-shell. As a result (n — 2)fsub shell is progressively 
filled. The general electronic configuration of the valence shell of this type of elements is 
(n—2)f 1-14. (n— 1)5?р°4 9%! ns?, The (n—1)d orbital either remains vacant or incomplete, hence 
by definition these elements are transition elements, but as they have an additional feature in 
their electronic configurations i.e., ће antepenultimate (n — 2)f sub-shell has not been filled to 
capacity, they are called inner-transition elements. There are 28 elements of this type 
corresponding to the filling up of 4f and Sf sub-shell called lanthanides and actinides 
respectively. It is clear from the electronic configuration that as the new electron goes to 
complete the inner 4f or 5f shell, the valency electrons are not at all affected. Thus, these 
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elements differ in atomic numbers but exhibit properties like a single element. They are trivalent 
having similar chemical properties. Hence they have been placed below in the modern periodic 
table in a separate group of elements. 


Element | At No. | Valence shell configuration | Element | At. No. | Valence shell configuration 


Ce 58 АР 52 5p 5d! 62 AP 52 5p 540 6з? 
Pr 59 AP 552 5p* 5d? 6 66 APO 5s? Spt 50° 6з? 
Nd 60 Af 5s? 5p? 5d? 69 67 AP! 5s? Sp? 5d? 6s? 
Pm 61 AP 53? Sp! 5d^ 6$ 68 AP? 55 5 54° 6s? 
Sm 62 AR 5s? 5p 5d? 63 69 AP? 5s? 5р? 5d? 6s? 
Eu 63 АР 5s? 5р5 50° 62 70 4Р4 5s? 5p? 540 6s? 
Gd 64 AP 58 5p? 5d! 6$ AP^ 5s? 5p! 5d! 69 


8 


3.11. Classification of elements into s, p, d and f blocks. 

This classification of elements is based on the type of orbital (¢.g., 5, р, d etc.) into which 
the last or addtional electron enters. 

1. s-block elements : In the atoms of s-block elements, the last electron enters the s-orbital 
of the outermost shell. Thus the last electron enters the ns orbital and as a result, these 


elements have either ns' or ns? configu- <— Боск elements —> 
rations in the ground state. The elements of 
[Pel ia 


Gr 1A and Gr ПА belong to this block. KJ 


s-block elements are placed at the extreme 
left in the periodic table. All of them are 
active metals with comparatively low 
ionisation potential. They are strongly 
electro-positive and good conductors of 
heat and electricity. They have fixed 
oxidation number— alkali metals have +1 
and alkaline earth metals have +2. They 
form ionic compounds (Li and Be can 
form covalent compounds as well). АП of 
them can be prepared by the electrolysis of 
their fused chlorides. 

2. p-block elements : In the atoms of p-block elements, the last electron enters the p-orbital 
of the outermost shell. Thus the last electron enters the np orbital and as a result the general < 
electronic configuration of the outermost shell of these elements is ns? np‘. p-block elements 
occupy groups IITA, IVA, VA, VIA, VIIA and zero having electronic configuration ns? np! to 
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ns! пр. This block includes metals, non-metals as well as metalloids. They can form ionic as 
well as covalent compounds. They exhibit more than one oxidation state and hence exhibit 
variable valencies. Most of the p-block elements are non-metals. 


«4— — — рЫоск Чын ee et Ыл | ч. 


МА VILA 


Pe configu- 


ration 


3. d-block elements (Transition elements) : In these elements, the last electron goes 
to (n = I)d orbital i.e., the last electron goes to the penultimate shell. As the (n — 1)d 


Electronic configuration [(n — 1)d''? ns'-7] 


orbital of these elements is progressively filled they are called d-block elements. The 
electronic configuration of the outermost shell of most of these elements varies from 
(n—1) d' ns? (Gr Ш B) to (n — 1) а' ns? (Group II B). According to some scientists, group IIB 
elementsare transition elements, but truly speaking 
Zn, Cd and Hg are not transition elements. 

Therefore, it can be logically concluded that all 
transition elements are d block elements, but all d 
block elements are not transition elements. 

The d-block elements occupy group IIIB, IVB, 
VB, VIB, VIIB, VIII, IB and IIB. They occupy the 
middle of the periodic table between s and p-block 
elements. 

The characteristics of d-block elements 


(transition elements) have already been discussed Fig. 3.4 : Division of the long form of the Periodic 
in details, Table in terms of blocks of s, p, d, and felectrons 


4. f-block elements : Elements having the gerieral electronic configuration of valence 
shell (n —2)f '-'^ (n — I)s?p*d ! *? ns? are called f-block elements. In these elements in their 
atomic state or in their common oxidation state, the last electron enters the (n — 2) f orbital 
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and as a result the (n — 2) orbital of these elements are progressively filled. Hence the name 
f-block elements. Lanthanides (47^) and actinides (Th to Lw) having 5f orbital belong to 
this block (Th does not have any 5f electron). The long form of periodic table is divided in 
terms of blocks of s, p, d and f electrons. 

3.12. Characteristics of periodic table. 

Periodicity ofproperties of elements : According to the modern periodic law, theproperties 
of elements are periodic functions of their atomic numbers. The word ‘period’ indicates that 
with the increase of atomic numbers of the elements in the same period or group, there is a 
gradual variation in a particular property of the elements. A knowledge of the periodic table 
reveals that, those properties which are dependent on the outermost electronic configuration of 
an atom, will vary with the change of atomic number i.e., these properties are periodic. These 
properties are periodic not only for the elements themselves but also for their analogous 
compounds, Some of the important periodic properties of elements such as density, melting 
and boiling points, electrical conductivity, atomic volume, atomic and ionic radii, ionisation 
potential, electron affinity, electro-negativity, valency and oxidation numberetc., are discussed 
below. 

1. Density : The density of elements in the solid state varies periodically as shown in the 
table below. It is observed that the density increases monotonically from left, then reaches a 
maximum in the central position (Gr III and IV) and then decreases with the rise of atomic 
number. /n à group, density increases from top to bottom. Densities of representative elements 


are shown below. 
ив | ША | NA VA УПА 


[vx Г 
бест | Zn2715 [бе- 59 |62547 [Asn 573 | 9-08 


2. Melting point and boiling points : Melting and boiling points of an element are also 
a periodic property. As we move from left to the right in a period both the m.p and b.p increase 
from Gr IA to Gr IVA and then decreases upto VIIA. 


[бе [aene 
peur — pope 
ане pom 1e 1200 | 


Boiling point (°C) 
3. Atomic Volume : It has already been discussed. 
4. Atomic radius or atomic size : In case of homonuclear diatomic molecules like Hz, Ез, 
Cl, the radius of an atom is half ofthe inter nuclear distance of two atoms of the same element. 


If d = the inter atomic distance and r = atomic radius then d 
d=2rorr=d/2. The inter atomic distance d can be accurately , 

determined by X-ray and electron diffraction studies. Since 

the bond between two similar atoms is primarily covalent, 

the atomic radius thus determined is known as covalent 


radius. Inter atomic distance d is referred to bond length. Thus, Fig. 3.5: 
atomic radius is defined as the distance between the centre of the nucleus and the outermost 


shell of the atom. 


Rb =1°53 
[ттт 
Cs =1`90 
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Example : C – C distance in diamond is 1.54A 
Radius of carbon atom = m 2077À 
We can apply this radius of C to find the atomic radius of other atoms. Thus in fluoro carbon C ~ F bond is 
found to be 1'41À. 
Since rc + t= ас (de-¢ = bond distance between C and F atom) 
077 += 1`41 ог, = 141 -0'77 = 064À 

е Factors controlling ће size or radius of an atom. 

Five factors affect the radius of an atom. 

(i) Multiplicity of bond, (ii) Percentage of ionic character, (iii) Geometry of the molecule, (iv) Percentage of 
s-character of a hybrid orbital, (v) Charges of an atom. 

(i) Multiplicity of bond : As the bond becomes more multiple, the distance between the two atoms also 
decreases which results in the decrease of radius. Pie bond draws the electron-cloud closer together, consequently 
as the number of pie bond increases, the radius also decreases. 

(ii) Percentage of ionic character : The principle of additivity i.e., bond distance is the sum of the atomic radii 
of the constituent atoms, works well їп a number of cases, but it is deviated when the bond involves elements with 
large difference of electro-negativity i.e., when the bond has appreciable polar character. Schomaker and 
Sterensen proposed the following empirical equation in order to remove the discrepancy that for polar 


EA Ras = ra + ra 0.09 (X — Xs) Di Gs 
where, Ras = the bond distance, гд = radius of atom A, rs = radius of atom B, Xa = electro-negativity of A and Хь 
= electro-negativity of B. 

For homonuclear diatomic molecule Хд = Xs and hence Ras = ra + ra 

(iii) Geometry of the molecule : Some atoms form different structures and have different sizes. Hence it is 
customery to refer atomic radii as tetrahedral or octahedral. The radius of an atom is in the following increasing 
order—linear radius < tetrahedral radius < octahedral radius. 

(iv) Percentage of s-character in a hybrid orbital : As the percentage of s-character іп a hybrid orbital 
increases, the nuclei of the two atoms come closer together and the bond length decreases and as a result the atomic 
radius also decreases. Thus radius of sp carbon atom is less than that of sp? carbon atom. 

(V) Charge : For cations of the same element, radius decreases with the ionic charges due to presence of less 
number of electrons in the outermost orbit, As the positive charge increases, radius progressively decreases, e.g., 
re3" < rre2*. The radius of the anion of the same element is larger than that of the element. e.g., rer > Fei since ће 
nuclear charge of Cl" is less than that of Cl atom. 


@ Vander-Wadl's radius : Vander Waal's distance is the distance between two non bonded atoms of two 
adjacent nucleus in the solid state. Vander Мао! radius is half of this distance. Vander Waal's radius is much 
longer than normal covalent radius. 


Vander Waal’s radius. Covalent radius of atom € Screening effect and screening constant : 


> From Bohr's theory we know that the energy of an 
C XS oo electron in the nth orbit is 
-2m Z em 
\ сере 


СІС molecule Vander Wadl's, ClClmolecule i:e., the energy of an electron is a function of Z?/r?. 
distance = 3°60 A Since the nuclear charge increases more rapidly than 

Fig. 3.6: the principal quantum number, one may think that 

the energy required to remove an electron from an atom (ionisation energy) will progressively increase with the 
increase of atomic numbers, but practically itis not so. This can be shown by comparing the first ionisation potential 
of H(z= 1) = 13.58 eV. ond Li(z = 3) = 5.9 eV. Here we see that though the atomic number of Li is greater than 
that of hydrogen, the 1st P. of Li is much less than that of H. This is because of the fact that, in one electron system 
the outer electron receives the full share of positive charge of the nucleus, whereas in multi-electronic system the 
outermost electron is unable to receive the full share of positive charge of the nucleus. Some part of the positive 
charge of the nucleus is taken up by the inner electrons. Here the inner electrons act as a screen or shield 
between the nucleus and the outer electrons. Because of their opposite charges, electrons that are relatively 
close to the nucleus, screen or shield the nucleus from the chosen electron which is further out i.e., there is а 
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decrease in the. effective positive charge of the nucleus acting on the chosen electron: (say. outermost 
electron) because of other intervening electrons between the nucleus and the chosen electron, This is known 


as screening effect, which is a measure of the extent to which the 
inner electrons in an atom, are able to screen the nucleus from the 
chosen: electron. The ‘resultant positive charge: that the particular 
electron experiences. is called the effective nuclear charge (Z ef). 
Де is, the difference between the atomic number (Z) and, the 
screening constant (S), Thus, 2е = (Z — S]. In order to find out the 
magnitude of screening constant (S) and Zem a set of rules has 
been proposed by Slater. 


€. Slater's rule : The electronic configuration of the element is 
written first in the following order and grouping— 1, 23р, 3sp, 3d, 
Asp, 4d, Af, 5sp elc. and each group is assigned a contribution per 
electron i.e., how much an inner electron in a particular group can fake 
up positive charge from the nucleus. The total- contribution gives the 
value of screening constant. 

The assigned contributions of various inner electrons are as follows— 

(i) Electrons that lie beyond the chosen electron has no contribution. 

(ii) Each electron in the particular group other than the chosen 
one, has a contribution of 0°35 (except in 1s group where 0°30 is the 
contribution as in He = 1s?). 


Nucleus 
® 
4 
опе electron system 
N ^ 
n s 
1 
Nucleus 
e 


Multi electron system 
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` 
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| 
i 
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Fig, 3.7: 


liii]: In the next inner shell i.e., in (n Û 1) group, each electron has contribution of 0°85. 
(iv) All the other electrons closer to the nucleus thon (n 1) shell has a contribution of 1°00 each. 
(v) If the chosen electron is in d or F subshell, all other electrons of the groups left of these shells has contribution 


100 each. 


Examples : (i) The effective nuclear charge of one valence electron of Zn. 


Zn = 152 2422р 3:23р*34' 4s? 


SET 0°35 418 x 0°85 + 10x 1°00 = 2565 UU. Zp Z- $= 30~ 25:65 =4`35. 


(ii) The effective nuclear charge of one 3d electron of Zn. 
Zn = 14 222p 3s? 3p 3d? 42 
§=9x 035+ 18 х 100 = 21`15 

(iii) The Zu of valence electron of С9[64)., 
Gd = 1s? 2s? 2p$ 3s? 3p? 3d? 452 4р5 4d AF 59 5p* 5d! 6 
$21x0354 9x 0°85 + 53x 100 = 61 


e Periodicity in atomic radius: 


. Za-Z2-$-230-2115- 8'85. 


^o Za264-6123'00. 


The atomic radii (in А) for elements belonging to various groups are given in the following table. 


Group ^ | 1А VA VA | VIA | 0 
Д Elements m N © F „Ме 
ги M 9а 
iA 1:23 0:70 |; 0*6 0:64 1:31 
— +—— ——— 
Elements Аг 


Period-3 |- 


Period-4 
rodii A 
Elements Rb sl sXe 
iod-5 
Period-S aoe Iun 128 | 209 
SS | 
Elements 55С5 POI 
AR Rome | 2:25 214 
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(a) Variation in a period : A close scrutiny of the above table shows that the radius of atoms 
decreases progressively from left to right up to Gr VII and then increases suddenly in the noble 
gases. 

Explanation : As we move from left to right across a period, the atomic number increases 
with the increase in the positive charge on the nucleus, but the outer electron shell remains same 
in a period. As the nuclear charge increases, the outer electrons are attracted more strongly 

towards the nucleus resulting in a decrease in the atomic radius. This effect continues up to Gr 
УП. The abrupt increase in atomic radius of zero group elements is due to the fact that the radii 
of the noble gases are not covalent radii but are Vander Waal's radii, since the noble gases do 
not form any diatomic molecule. It has already been stated that Vander Waal's radii are always 
larger than covalent radii, because in the formation of a covalent bond, due to the overlappin g 
of the atomic orbitals, the atoms come closer to each other. 

(b) Variation in a group : With the rise of atomic number as we go down in a group, the 
atomic radius generally increases with fluctuation at Al and Ga. lt is observed that the increase 
in atomic radii of the first two members in a group is significant, but the increase in atomic radii 
between the second and 3rd member is not significant. Between the last two members in à 
group, the increase in size becomes insignificant. 

The increase of atomic radius from top to bottom is due to the addition of new quantum shell, 
as a result the distance between the nucleus and the outermost electron increases. Hence the 
atomic radius increases from top to bottom in a group. 

The anomalous increase of atomic radius in a group with the rise of atomic number is due 
to the relative screening effect of s, p, d, f electrons. The screening power of d and f electrons 

is poor while that of s and p electron is high. Between 
Group the first two members of a group, the inner shell has 
Period! IX | ПА | ША wa|va| va] viiA| запар electrons having high screening power. The 

increase in atomic radius is primarily due to the 
addition of new quantum shell. In the third member 
comes the inner 3d shell having comparatively poor 
screening effect. Increase in atomic radius between 
the second and third member in a group due to the 
addition of new principal quantum shell is partially 
counterbalanced by the decrease in radius due to 
poor screening effect of the inner 3d electrons. As а 
— RS | result the increase in radius becomes less significant. 


In the last two members the increase in atomic radius 
is much less significant due to the presence of 4f shell 
(lanthanide contraction) having poor screening effect. As a result the outer 6s electrons in the 
last two members of the group are closely drawn towards the nucleus. This explains why the 
increase in radius between the last two numbers in a group is not very high. 

@ Although the outermost principal quantum number of Al is 3 and that of Ga is 4, the 
atomic radii of Al and Ga happen to be same— explain why ? 

This anomaly can be explained by the role played by the inner 3d electrons of Ga atom. The electronic 
configurations of Al and Ga are as follows— 

Al = 1 2s? 2p* 3s? 3p! Ga = 1s? 2s? 2р5 3s? 3p 3d" 4s? 4р! 

The electronic configurations of the two elements show that Al does not contain any d electron, but Ga 
contains 10 electrons in the inner 3d orbital, having comparatively poor screening effect. On the other hand 
the nuclear charge of Ga is more than that of Al. Therefore due to the increased nuclear charge coupled with 
poor screening effect of inner 3d orbital, the atomic radius of Ga decreases. Hence the two radii happens to be 
the same. 
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ө Lanthanide contractions : As we go down in a group, the size of the atoms as well as their ions increases 
but the increase is much less marked among the transition elements than among ће non-transition elements. Il is 
also observed that the increase in atomic or ionic size among transition 
elements between the first two members is significant while the increase 
between 2nd and 3rd members is almost same, sometime less . The same is 
observed in the representative elements while the increase in size of atoms is 
very small between the last two members in a group. This seems to be para- 
doxical as the difference of atomic number between the last wo members of 


representative elements or between the second and third transition series is 


Zr“ = 0772 | $n*2071 
32. The increase of atomic radii should be more if the effect of addition of a НЕ = 0:71 | Pb = 0:84 
new quantum shell is ће only criterion. ПЕ 


Again among lanthanides, after La(57], from Ce(58), 4f electron starts filling and ends in Lu(71). These 
additional 14 inner electrons occupy the 4f subshell which is well burried within the inner core of 6s orbital. Now 
as we move from Lato Lu the nuclear charge increases. The screening effect of 4forbital being very poor, Ihe outer 
electrons are drawn closer to the nucleus. These two combined effect, namely, the increased nuclear charge and 
poor screening effect of the inner 4f electron, bring about a slow contraction of atomic and ionic radii of the 
lanthanide elements. This phenomenon is known as lanthanide contraction. Thus whenever 4felectrons are present 
in any atom or ion, it would show contraction in size. Lanthanide contraction cancels the increase of atomic radii 
on descending down a group of transition as well as representative elements. Thus the atomic radii of Hf апа 
Zr 4* are almost identical and the same is true for Nb and Ta**. 


The effect of lanthanide contraction is shown is the following table : 


VA 
Non-transition 
elements 


Ti*20'6l | Ge“ =0'53 


lon [ionic radii | lon | tonic radi lon lonic radii tonic radii | 

Са | roA | se | 0745À те 0605 А 0'64À 

Sr* | 118A үз» 0:90 À ze 072А 072А 

Bo" | 135A | to» | 1032А нее 071À 072À 
<< Lanthanide contraction —————9» k 


e Atomic radii of transition elements : 

In cose of transition elements there is no significant change in atomic or ionic radii as we go from left to right 
across a period. The following table of first transition series (3d block elements) shows that as we go from left to. 
right, the atomic radii decrease with the rise of atomic numbers and at the near end the atomic radius slightly 


increases. 
Ti v Cr Mn Fe 
2 2301.-504 25. | 125 
ra2 | 1:22 | 117 | 117 | 117 


As we move from left to the right, though the nuclear charge increases, the outermost electron shell 4s remains 
constant but the electrons are added to the 3d orbital. Since d electron has poor screening effect, the outer 4s 
electrons are drawn closer towards the nucleus by the increased nuclear charge. Hence is the slow contraction 
in atomic radii while passing from left to the right in transition series. 


Element 


Nuclear charge 


Atomic radii 


@ lonic radii : 
lonic radius of an ion in an ionic crystal actually measures the relative size of ion in the crystal. In fact it is 


not the actual radius, but it is the relative radius such that the sum of the two ionic radii 
is equal to the inter ionic distance in the crystal. 
re + r4- = dea- = inter ionic distance. 


(i) The radius of the cation is less than that of the corresponding atom, while the 
radius of an anion,is always larger than that of the corresponding atom. йс 

Thus re > rc > ræ. Thus while rer > га, then ге < rk Fig. 3.8 : 

The radius of CF anion is always larger than that of the corresponding Cl atom. This is because of the fact 
that, in the formation of anion, the effective nuclear charge decreases causing the electrons move away from 
the nucleus and thus the size of CF ion becomes larger than Cl atom. 
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lii]. Since in ће formation of Ck ion, one extra electron is added, it causes an.electron-eleciron.repulsion 
сенца the diffusion of outer most electron charge cloud. Hence the radius of Ch ion becomes larger than that 
ol atom. 

(iii), Again, z/e for CF is, 17/18 and z/e for Cl atom is 17/17. Since z/e for Cl- is less than that of Cl, 
the a nia is greater-than that of Cl atom. Thus; radius of CF =1°81 2A; Nie oun of Cl atoms 
0°99 

liv). A-cation is formed B; Wa cass il rac GP Ah ca stl 
removal of the outermost shell. Since the remaining inner shells do not expand, a cation is much less smaller than 
the corresponding atom, 

Mg atom = 2e — Mg ion 

2.8.2. 28. 

(v The radius of K* ion [u 23 ÀJ is much less than that of K atom (2°31). This is because of the fact that, 
the effective nuclear pS іп. К ion becomes greater than that of K atom causing the decrease in ionic size. 

А 2/е юг К* = 19/18 =.1`0], and Z/e for K atom = 19/19 =.1. Hence бе.каййиоЁК' is smaller than that 

of K atom. 

(vi) For cations of the same element, the size of ions decreases wilh the rise of positive charge of he 
cation, because there arë fewer electrons but increased positive charge. Thus: 

Atomie radius of Fe 21:26 Аг Попіс radius of Fe = 076À lonic radius of Fev 20.64 À 

Z/e for Fe™ is greater than that of Fe?*. 

The reverse holds good for the anions, although anions with variable See are less common. 

Thus fies Go «ry? < гё; 

lvii] „А small decrease in ionic radii for the isoelectronic neges ion is erem wilh decreasing negalive 

‚ charge. Thus rs- > га; because Z/e for S^" is less than Z/e for CI: 

@ Iso-electronic ions : For an iso-electronic series i.e., a series CT having same number of electrons but 
different nüclear charge, the size decreases with the i increase of abid numi 

This is mainly-due to the effect of increased nuclear attraction forthe ао cloud, 

Thus rug?* < Finot < FF < Foe 

If Zbe the atomic number of the species and e be the number of electrons, it was үчун observed that 
2/е = 1/r i.e. as Z/e ratio increases, the size decreases. This is evident from the following series : 


hei ion; 12 а indes con drerit согоо Осен itself while the 
8 protons presentin the nucleus of O% can not attract 10 electrons реч йге чы. sien ا‎ Mofe is much 
greater than that of O?- ion, hence is the sequence: 

5. Periodicity in valency : 


Itcàn be said that the periodic table is ‘nothing’ but a classification of elements — to 
their valencies. 

In à period ; While going from left to right in a period, i robot of valence electrons 
increases from one to-eight. Consequently the.valericies of elements exhibit periodic changes. 
With respect to oxygen, the valency increases regularly from one: dm Gr Lto Bim in Sr МШ 
(О50;): The valency of elements belonging to'zero group is zero. T 

On the otherhand, with reference to hydrogen, the valency TN at first increases 

from one in Gr. I to four in Gr. IV, then it decreases from Gr V to Gr VII. The valency of 
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elements after Gr IV is (8 — group No). Thus the valency of N in Gr V i$ (8 5) 3; The 
highest valency exhibited by an element in its typical oxide indicates the ‘number of group 
towhich it belongs. д 


on [mo ع‎ na am fto اھ کے‎ 
анов а [a fe аре у] 
a УБЕ Б гаса 
Кастет п MEC чини тии RY FI 


In a group : The elements belong to a particular group have the same valency. 


+ 6. Metallic and non metallic character : 


The tendency of an element to lose electron (s) to produce a cation is called itseleétro- 
positive or metallic character. | t 

As this tendency of an element to lose electron 
(s) increases, its metallic character also increases. 
Larger atoms can lose electron more easily than the 
smaller one, Since the size of the atoms decreases 
as we move fron left to right in a period, they tend 
to hold their outermost electrons more tightly and 
hence their electro-positive character. decreases 
with the increase of non-metallic property. 


In a period : Thus, as we move from left to right across d 1 period: the metallic character of 
an element decreases and non-metallic character increases. The elements occupying the right 
side of the periodic table are more 'electro-negative and can easily form anions. Thus, the 
elements of Gr TA é.g., Li, Ма, K, Rb, Cs; are highly électro-positive aiid Hence most metallie, 
while elements of Gr MIU Aie., F, cl, Br. Tare most eleétro-niegaltive апа therefore most non 
metallic. 

Inagroup : As we movefrom top 10 bottom i inagroup, the metallic character of the elements 
increases. The metallic or electro-positive character of elements in group IA increases in.the 
following order— Li < Na < К < Rb < Cs For this 
reason in Gr VII A, iodine can exhibit cationic 
property but fluorine can not. 

Another observation] isythat, when an element 
. exhibits variable valency, the ion of the element in 
\ "higher valency state becomes more electro-negative 
х than that of the element in lower valency state. 

This explains why stannic sulphide ( ‘SnS>) reacts 
with KOH but stannous sulphide (SnS) is insoluble in 
it, This is because of the fact that SnS is basic in 
nature while Sn$; is acidic in nature. 

It is clear from the above discussion that.electro- 
negative, character of elements increases along, а 

period but decreases ina group with the rise of atomic number. Hence the metals on the left of 
the periodic table form basic oxides and elements in the right form acidic oxides. Oxides of 
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elements of Gr III A are amphoteric and from Gr IV A the acidic character of the oxides 
increases as revealed in the following table : 


Group i VIA | VILA 
Period 3 | Element 165 d 
Oxides SO, | ClO, 
Nature Acidic | Highly 
of oxides acidic 


As we move down in a group, the acidic character of the oxides decreases and basic 
character increases. This can be shown by the following table with the oxides of Gr VA 
elements; which clearly shows that (i) fora particular oxidation state the basic character of the 
oxide increases on going from top to bottom and (ii) oxides of elements with higher atomic 
number and oxidation number are more acidic. 


Oxidation number 
+4 +5 

Nitrogen МО» МО, МО; E 
Phosphorous [ө FE 
ао 
Arsenic As;Os Ёла. 
Antimony 5,0; $ E] 

g 


Bismuth 


Acidic character increases —> 


7. Oxidising and reducing property : 

We know that, an oxidising agent gains electron (s) and is reduced while a reducing agent 
loses electron (s) and is oxidised. Again strong oxidising agents have pronounced tendency 
to gain electron (s) while weak oxidising agents have less tendency to attract electron. On 
the otherhand a strong reducing agent gives up electron (s) easily while a weak reducing 
agent yields electron reluctantly. Oxidising and reducing power of an element is controlled 
by its electro-negativity, ionisation potential, 
electron-affinity etc. If the size (radius) of an atom 
is small and its electro-negativity is high, its 
oxidising power becomes greater and its reducing 
power becomes less. On the other hand an element 
with low ionisation potential value is a strong 
reductant. 


(i) In a period : As we move from left to right 
across the period, with the rise of atomic numbers 
the radii of the atoms decrease with a consequent 
increase of electro-negativity and electron-affinity. 
Hence oxidising power of the elements increases 
and reducing power decreases. The alkali metals of 
Group IA have a greater tendency to give up electron i.e., they have low ionisation potential, 
hence they are strong reductants, while halogens of Group VII A are highly electro-negative 
and hence they are strong oxidising agents. Thus in a period from left to right the oxidising 
power of the elements increases and reducing power decreases. The oxidising power of 
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elements in 3rd period increases in the order, Na < Mg < Al < Si «P <S < Cl. In this period 
Na is the strongest reducing agent while Cl is the strongest oxidising agent. 


(ii) In a group : As we go down in a group, the size of the atoms increases and hence their 
ionisation potential decreases. As a result the reducing power of the elements increases while 
oxidising power decreases. Thus in Group IA K is stronger reducing agent than Na. In Gr VIIA 
Cl is stronger oxidising agent than Br. The reducing power of Group IA elements is in the 
following order : . 

Cs > Rb > K > Na >Li 

8. Oxidation state : 

Since the valency of an element denotes the number of electrons (paired or unpaired), 
elements with identical outermost electronic configuration must occupy the same group. Thus 
Li, Na, K, Rb, Cs having outermost electronic configuration л! belong to group IA. 

While those with outermost electronic configuration ns?np? belong to Gr УПА. Thus we can 
conclude that the group number denotes same outermost electronic configuration vis-a-vis 
same valency. 

More accurately, it can be said that, the oxidation states of elements are periodic 
functions of their outer most electronic configurations. The maximum oxidation number of 
an element is denoted by its total number of electrons in the outermost shell i.e., group 
number. But it should be borne in mind that all elements in a group may not exhibit 
maximum oxidation state. A particular element in a group may have no compound at all in 
this state as in the case of oxygen, fluorine, although their maximum oxidation states are +6 
and +7 respectively. The number of unpaired electrons or (8— group number) in an atom 
of an element is its minimum oxidation number, All elements in a particular group have 
fixed maximum and minimum O.N. This is the common feature of all representative elements 
in the periodic table. 

Each transition element also exhibits several oxidation states. The stability of compounds 
in which a transition element exhibits its highest oxidation number, decreases from left to right 
in a period, and on the contrary, the stability of compounds having its lower oxidation state 
increases. Thus Ti (IV) is highly stable whereas Mn (VII) is highly active. As we go down in 
a transition metal group, it is observed that elements having higher oxidation states are more 
stable than the elements having lower oxidation states. Thus in Group VIB Cr (III) is most 
stable but Cr (VI) is strongly oxidising. The most stable states of Mo and W are (V) and (VI) 
respectively. While Cr (VI) is less stable, Mo (VI) and W (VI) are stable. On the other hand 
while Cr (IID) is very stable, Mo (III) and W (Ш) are much less stable. 


9. Chemical reactivity : 

Chemical reactivity of an element is the manifestation of the rearrangement of the 
outermost electronic shell either by losing or by gaining or by sharing of electrons. » 

The relative tendency of an element to lose electron(s) is controlled by electrode potential. 
ionisation potential and electro-positivity of the element. The greater is the tendency of an 
electro-positive element to lose electron(s) the more reactive it is. 

Again, the relative tendency of an element to gain electron(s) is controlled by electro- 
negativity, electron affinity and electrode potential of the element. Thus, the greater is the 
tendency of an electro-negative element to gain electron (s) th. wore reactive the non metal is. 

(i) Thus the chemical reactivity of the elements monotonically increases as we go down 
from top to bottom in Groups IA, ПА, and ША on the left sid» of the periodic table. As the 
electro-positive character of the metals increases on descending down a group, the heat of 
reaction and the rate of reaction also increase. 
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(ii) On the other hand, the reactivity of the elements from Group IV to VII decreases on 
going down a group. Which is due to the decrease of their electro-negativity. Thus among 
halogens, fluorine is the most reactive while iodine is the least active. 

© Stability of hydrides. The stability of hydrides increases as we move from left to right along a period. 
The hydrides of left hand side elements are highly ionic: having relatively high: melting points. They ionise 
srba Сон; == Cat + 2Н-, Ман —* Not +H 

As we move towards rightin а period, the hydrides are covalent and as such their melting and boiling points 
are relatively low. 

On going down a group, the tendency of formation of hydrides as well as their stability decreases which is 
related to the larger X-H distance leading to weakening of bond, Thus the stability of the hydrides of elements of 
group VII A is in the following order HI.« HBr « HCl « HF. ) 

e Stability of chlorides : The covalent character of the chlorides increases as we move from left to right 
across a period, The chloride of metals are ionic while those of non metals are covalent. In the third period 
the chlorides of Na and Mg are ionic but NaCl is more ionic than MgCl. The m.p of metallic chlorides are 
high due to high lattice energy in the crystals. The next element Al forms chloride which is dimeric (А2СІ,) and 
covalent. The chlorides of Si and P are covalent. The degree of hydrolysis of chlorides increases as we move 
from left fo right. 

e Stability of oxides : The electro-positive alkali metals combine with О; vigorously. Gr A elements 
(alkaline earth elements) combine with О; less vigorously. Thus the rate of formation of oxides becomes much 
more slow as we proceed from left to the right in a period. Except P, по non-metals react with O at room 
temperature; Non-metals react with Оз at high temperature and sometimes in presence of a catalyst. 

10. Variation of ionisation potential in a period and a group : 

(i) Jonisation potential or ionisation energy. 

Bohr's theory of hydrogen atom showed that the amountof energy required to be absorbed 
for the promotion of an electron from lower energy level n, to higher energy level л; is given 
by the equation, 

2mn'ze* 1 1 

AES EE TT bosses 

Complete removal of the electron from H-atom in gaseous state from its ground state 
(mj 1) to infinity (m e<) is known as ionisation energy resulting in the formation of a positive 
Ht ion; The energy required for this purpose A E is calculated as follows: 

For H atom; Z (atomic number) = 


212 2 
АЕ= 2л etm [е] DASS 212е*т. 


k tee 


һеге е 24. 8x I0 esu. m 9:11x 107 ри = 6:625 x 1077 erg-sec, 
' Now by substituting the standard values, we get, 
AE 2 2175X 107! erg /— 13758 eV (since 1 eV 17602 x 10-? erg) 
= 313 k cal mole" (."leV = 23053 k cal mole") 
Again, 2:175 x I0! erg = 2:175 x 107 J = 1310 kJ mole"! 
These values.are referred to as the ionisation potential of Н atom. 


@ lonisation potential : or more preferably, the first ionisation potential. of an 
element is defined as, the amount of energy necessary to remove the outermost electron i.e., 
most loosely bound one, from its isolated gaseous atom in its lowest energy state, against 


the force.of attraction existing between the nucleus and that electron, so as to give a.cation 
in the gaseous state. 
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Thus; ionisation potential of án element сат bë expressed as follows— 
Ag) + E uos ЕД, 6) 
Isolated gaseous Energy required Cation in... Removed to 


atom i,e, ionisation gaseous... infinity from .... 
potential state the nucleus 
Incase of hydrogen, 
H(g) + 13°58еу 22055 "H'(g) * e(g) 
Н atom in gaseous": Jonisation ^ > Cation’) “Removed to У 
state potential infinity \ j 


The ionisation potential of an element is normally expressed in electron volt (eV) or kilo 
joule mole” (k J mole“): The ionisation potential as defined above is known as the first 
ionisation potential (1;). Yonisation potential is an endothermic process as enérgy must be 
supplied from the surroundings to form the cation. : ا‎ 

ө The second, third, fourth, ionisation potentials : The energies required to remove е second, third, 
fourth electron from the corresponding cations in the gaseous state are known as the second (12), third, (lj), 
fourth (l4) ionisation potentials respectively. These successive ionisation potentials сап be defined Ьу the 
processes given below : | j 

At(g) + lz —> А?) +6 Абај —> A*(g) + e 
А2 (g) tle Atg) * 6 

The relative Values of the successive ionisation potentials are in the following order :'ly« I; « ls < la <== 

Otherwise mentioned, ionisation potential always refers to the first ionisation potential (h), 

e Determination of ionisation potential : 

It con be determined in the laboratory by spectroscopic method, Bohr's theory can be applied to find out the 
first ionisation potential of H atom, second I.P of He atom and third I.P of Li atom. 

Calculation of third I.P of Li atom, 


Ug + ho => lug. + е dug) ho» ШЧ) ж.е 
15725! 1? 1s? 1s 
Ag) deo Ig) e 
1s 19 
Li?* is isoelectronic with Ht Hig) + h —> НЧ + е 
1s! 150 
+. The lj of ti atom = 13:58 х z? = 13°58 х 32 = 12222eV 
Similarly the I; of He atom 213:58x2? = 54°32 eV. 


€ Factors affecting ionisation potential : 

(0 Magnitude of the nuclear charge : The larger is the nuclear charge, ће larger will be the ionisation 
potential, since from Bohr's theory AE = Z* or Z= VAE, which is shown by the ionisation potential values of the 
following isoelectronic species. 


Group? у м 
Period 2 м” | o* | Fe 
lonisation ў A К і : 
Potential eV 3792| 64°48 | 97:86 | 1381/18514 


(ii) The size of atom iie., atomic radii : 
Larger the atomic radius, the more weakly the outermost electron is bound to the nucleus and hence smaller 
is the coulombic foree of attraction. As a result the value of the ionisation potential will be less. 
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(iii) The screening effect of the electrons of the inner shells on the electrons of the valence shell : 

An electron of the outermost shell is attracted by the nucleus but at the sametime, the electrons present in th 
inner shell apply a force of repulsion on it. This repulsive force partially counter balances the attractive force с 
the nucleus and consequently the net nuclear force on the outermost electron becomes less. The greater is the 
number of inner shells, the greater will be the screening effect on the valence-electrons. Thus as we move down 
а group ће number of inner shells increases and as a result the screening effect also increases. Thus we see thal 
greater is the screening effect of the inner shells, the less will be the coulombic force of attraction between the 
nucleus and the valence electron and consequently the value of ionisation potential decreases. 

liv) The extent to which the outer electron penetrates the charge cloud set up by the inner shell electrons : 

As а result of this effect, the degree of penetration of electron in a principal quantum number decreases in 
theorderas s» p> d» f This corresponds to the extent of binding of various electrons. Hence ns electron is more 
firmly bound than np electron which in turn is more firmly than nd electron toward the nucleus. 

(v). Electronic configuration : 

Since the half filled or full filled shells have extra stability, larger energy will be required to remove an electron 
from a half filled i.e., р?, d5 or F7 or full filled shell p®, d^ or f^ configurations. This explains why the ionisation 
potential of nitrogen (1s? 2s? 2p) is higher than that of oxygen (1s? 2s? 2p“). 

Exceptionally high ionisation potentials of inert gases are attributed mainly to their stable electronic 
configurations (ns? or ns? рб). 

* Applications of ionisation potential : 

(i) The lower is the value of ionisation potential of an element, the higher will be its reducing power. Thus we 
see that the metals have smaller |. Р. values than those of the non-metols. Consequently the metals have greater 
reducing power than the non-metals. Thus the high reducing power of alkali and alkaline earth metals is due to 
their small values of ionisation potential, É 

(ii) The lower is the value of ionisation potential of an element, the higher will be its tendency to form ionic bond. 

(iii) The lower is the value of ionisation potential of an atom, the higher will be its electro-positive or basic 
character. Similarly, the electro-negative or non-metallic elements must have higher values of ionisation potential. 

(iv) As the difference of successive ionisation potential values of an element decreases, the more stable will 
be the resulting valency state of that element. 

Thus for Beryllium (h — h} = 1758 - 899 = 959 К) mole", (I; = l2) = 14850 – 1758 = 13092 kJ mole-!. 
Consequently, Be** is more stable than Be?*. 

€ Variation of ionisation potential in a period and a group : 


The most fundamen- 
юг tal periodic property of 
an element is probably 
its ionisation potential 
which is indicated by 
the following curve 
which clearly indicates its 
pronounced periodicity. 


He 


s 
ES 


The peaks of the 
curve are all occupied 
by the inert gases 
| having higher values of 
Rb ionisation potential and 
0 10 230 40 5 e XE ER the alkali metals occupy 

‘Atomic number the lowest positions 
.having comparatively 
the low values of 
ionisation potential. 


lonization potentials (volts) 


Fig. 3.9 : The first ionization potentials of the elements 
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€ Variation in a period : 

As we move from left to the right across a period, the ionisation potential of elements 
increases with the rise of atomic number with some fluctuations as is evident from the 
following table. 


м i 
Period-2 30 1o de 
Valence electron 25? 2p* | 2s? 2p5 | 27 2p* 
Fully | 
filled | 
lonisation 13°62 2456 
potential kJ 
ГА" 4'55 4 


This is attributed to the decreased atomic radius coupled with increased effective nuclear 
charge as a result of which the force of attraction between the nucleus and the outermost 
electron increases. The ionisation potential becomes maximum for the noble gases wh ich is due 
to their stable electronic configuration as well as maximum effective nuclear charge in a 
period. 

ө Irregularities in the ionisation potential values are observed between Be and B as well as between 
N and O— Explain why. 

The irregularities are primarily due to their electronic configurations. 

Be = 152 252; B = 1:222 2p! 

Beryllium has a stable electronic configuration of completely filled s shell, consequently higher energy is 
requiréd fo break the stable ns? configuration followed by the removal of the electron, whereas 2p! electron of 
boron can be easily removed. Moreover the degree of penetration of s electron is more than that of p electron. 
Hence 2s electron is more firmly bound to the nucleus than the 2p electron. Therefore less energy is required to 
remove the 2p electron in boron than to remove the 2s electron in Be. Again 2selectron pair can effectively screen 
the 2p electrons of boron. This also decreases the І.Р. of boron. 

In case of nitrogen, we see that ithas a stable half filled shell 1s? 2s? 2p?. On the otherhand oxygen has neither 
a half filled nor acompletely filled shell (152 2s? 2р“). Consequently N must have higher І.Р. value than oxygen. 
However, although the first ionisation potential of N is greater than that of O, the second I.P. of Nis much less 
than that of oxygen. This is because, after the removal of 1 electron from oxygen atom it attains stable 2р? 
configuration (half filled shell). 

О = 1822p, N = 1222р? 
О* = 1s? 2s? 2p, Nt = 15s? 2s? 2p? 

ө Variation along a group : As we move down a group the ionisation potential normally 
decreases. This is primarily due to the increased atomic radius as a new quantum shell isadded 
Period | Group | lonisation | Period | Group | lonisation 

1A | potential eV. potential eV 


on going down a group. Moreover 
there is an increase in the number of 


inner electron shells which screen 932 
the outermost electrons from the 7644 
attraction of nucleus. Consequently 6111 
the outermost electron is less 569 


firmly bound to the nucleus, as we 
move down the group. This is 
illustrated in case of Gr I and П in the following table. 

However, some exceptions are observed in the vertical trend in a group, where down 
the group I. P. increases instead of decrease. This is partially observed in the last member 


5721 
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of the group where the inner 4 electrons are present as is evident fron the following 
table: * ( 


lonisation 


potential eV 


This is mainly due to lanthanide contraction. Each element from Ta to Pb has completed 
4f shell (4f'*) as a result, there occurs a decrease in size from its congener. No such 4f shell is 
present from Nb to Sn. The increased nuclear charge due to the poor screening effect of inner 
4f electrons brings about a contraction in atomic size. Consequently I. P. values increases due 
to larger coulombic force of. attraction between the outermost electron andthe nucleus wherever 

4f '* electrons are present. 

€ Variation in transition series : 

As we move from left to right in a transition series very little change in their I. P. values are 
observed. This is shown, by. the ionisation potential values of first transition series in eV, 


[we [| we | " [7 


After Ca, electrons are added one sra one in "e 3d d orbital taire poor screening effect, 
Hence while the atomic radius remains relatively Constant, the increased nuclear charge is 
counter balanced by the increased screening by the additional electron entering the lower-lying 


3а ѕир shell... doad ase R sas ope v» за ag 
“Atomic number. = : | 
The: арас =1 0: 35 +9х 9854 10 x 1:00 
= 0:35 + 7:65 +10 = ar 
The effective nuclear charge Zerr. 121-18 = 
The minor fluctuation in Cr is due to its stable half fi - en shell (за? 45!) confi iguration. 


11. ‘Electron affinity : 


The electron affinity of an atom is the amount. of energy released by an isolated neutral 
gaseous.atom imits lowest energy State (ground State), when it captures an electron to form a 
uni negative ion, Thus, ; 

A(g).* 1e (8) s— A(g) + Energy released AH = negative 
isolated neutral 3 >, unin negative vn» y 
gaseous atom E N ion. 


Gr 


lonisation 
potential (eV) 


Since one electron i is gained by the neutral gaseous atom it is called first electron affinity 
or simply electron affinity (E;). It is.an exothermic process since energy is released in this 
process. V { 1 
Now, when the anion A^ forms a bi negative ion A, it will not accept the secorid electron 
easily due to electron-electron repulsion. Hence work is to be done on the system tó force the 
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electron to enter inside the electronic architecture. Consequently the second electron affinity 
must be endothermic (A H is positive). і 
Ат (а) + ет (g) + Energy supplied .—A*- (g) | 
„Тһиѕогохувёп »O(g)e кэ! O7 (е): + Energy released :-—5A H«—:—142:kJ mole! 
O- (в) + e + Energy 2 O7 ($) WHS "4702 KF mole 
e Features of electron affinity : 5 iil 
(i) The electron affinity of an atom measures the tightness with which it binds the.additional electron. 
(ii). The unit of electron affinity is either eV or kJ/mole én 
(iii) Species with higher electron affinity 'are strong oxidising agents іп the gaseous stole e.g;, halogens 
chalcogens etc. 1 i ! lot 
A [gl е1 А119) * Energy. released 
oxidant 4. ne. => Reductant : утэ vlaviiplan a 
(iv) I is'generally-observed that elements with higher ionisation potential haye higher:electron affinity. 
() Elements with higher electron affinity normally forms ionic bend: 2 ai 
(vi) Second electron affinity of an atom is endothermic,. Hence, theoretically O?", S* ions should be Unstable, 
but they form stable oxides and sulphides eig.) MgO} CaS: Thisis due to higher lattice energy-of the crystals. 
(vii): Electro-negative elements generally have high electron affinity. ^ 
(viii) Electron affinity unlike ionisation potential can not be determined directly. 
© Factors controlling electron affinity: ^ А одон 


(i) The size of the atom, (ii) Nuclear charge of the atom, (їй) Electronic configuration of the ‘atom, {iv) Orbitals 
in which the electron enters. nei 


Eléctron affinity of some of Ihe elements are given below with their AH valués їй kJ' mole: " 


Since the electron affinity of few elements are known, it is difficult to make any periodic 
trend of electron affinity. of elements. However, some observation сап be made. 

(i) Electron affinity values of inert gases are zero. This is because of their stable octet 
(ns? пр?) configuration which prevents the addition of any extra electron. 

(ii) The negative value of electron affinity indicates the release of energy when an atom 
captures an electron. Positive values of electron affinity of Be, MgandN are due to their stable 
electronic configuration. In these cases energy is 10 be supplied on the system. J 

Thus we can say that, in general, if any atom has half filled or completely filled orbital, its 
electron affinity must be positive. P and As are exceptions because in their case the additional 
electiOh goes to the lower lying vacant ‘a orbital. амр ный a 

(iii)“As we move: from left to the right along a period, «the electron affinity of 
elements increases. This is due to the decrease of atomic radius coupled with increased 
effective nuclear charge. In general,- electron -affinity follows. the. following trend— 
Halogens. > Oxygen family. > Nitrogen. family. > Metals:of-gr. 1 and JI. >\Non metal of 
gr lV > Merals of gr. H- oht госепо! 1 с noitor ні 
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(iv) As we move from top to bottom in a group, the electron affinity decreases which is due 
to their increased size. 


(v) Halogens have exceptionally high values of electron affinity. 


e Fluorine is more electro-negative than chlorine but the electron affinity of chlorine is 
higher than that of fluorine— explain why. 

This phenomenon seems to be paradoxical, because we know that the higher the electro- 
negativity of an element, the higher will be its electron affinity. The reason of such behaviour can 
be explained as follows : 

(a) From Born-Haber cycle it is known that bond dissociation energy is directly proportional to its electron 
affinity. Since bond dissociation energy of chlorine is higher than that of fluorine, the former must have higher 
electron affinity (B.D.E. of Fz = 38 К cal mole", Cl = 57 К cal mole"), 

(b) It is also due to the small size of fluorine atom. When F atom accepts an electron, a high electron density 
in the relatively compact 2p sublevel is developed. This produces a strong electron-electron repulsion between the 
2p sublevel of F atom and the entering electron. To overcome this some energy is used and as a result the over- 
all electron affinity becomes low. The Зр sublevel of Cl atom is large and so such repulsion if develops, is very low 
Hence the overall electron affinity of Cl is higher than that of F. 


€ Electron affinity, reduction potential and oxidising power : 
(i) The E®F,/ar- = 2°87 volt while E%i,/2c1- = 1°36 volt. These two values suggest that F is stronger 
oxidising agent than Cl. 


(ii) Again from a knowledge of electron affinity we know that, higher the electron affinity of an element, the 
stronger is its oxidising power. 

Alg) + e — Alg) + energy release; Ox + ne — Red 

Thus we see that, larger the energy released, more stable is A- ion and higher is the affinity of A (9) for electron 
Consequently, the oxidising power of A atom will be higher. Thus we can say that as the electron affinity of Cl 
is greater than that of F, Cl is stronger oxidising agent than F. 

But it must be remembered that energy required to form an anion from its atom does not involve electron 
affinity only— the thermodynamic factors must be taken into considerations. The reduction potential is the change 
of energy between the element in the standard state and its hydrated ions. In the formation of these species, other 
energies must be taken into consideration. When all the energy terms are added, the species with higher negative 
value will form more stable ion. For this we can take the help of Born-Haber type of cycle for both Fz and Cl; os 
recorded below. 

Here X. stands for both Cl; and Fz. 


1/2 Heat of dissociation 
уюу = ___—_———————Хх() 


ЕЁ poen 
attinity 
Heat of hydration 
X " X (gl 
Hydrated 


Nos AH values for the reaction '/2X2 (g) —> X- (hydrated) in kJ mole" are given below for both 
F and Cl; : 


i Heat of dissociation Heat of hydration 


-515 
-381 


F 795 
Cla 1215 


-768'5 
-607:5 


The above data shows that F has larger negative A H value in the above energy cycle than that of Cl;. Hence 
the formation of '/2 F2 (9) > F (hydrated) is more spontaneous than '/; Cl; (д) — CF (hydrated). This proves 
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the higher oxidising power of F than Cl;. In the above cycle the high heat of hydration of fluorine due to ils 
smaller size, outweights the effect due to electron affinity. This further explains that a complete energy cycle is 
to be taken into consideration instead of considering only one thermodynamic property, which may lead to 
erroneous result. 

e Explain why the bond dissociation energy of Cl, is higher than that of Fz : 

Atomic radius of fluorine is less than that of chlorine. Hence it is expected that F-F bond should be more 
stable than СІ СІ bond, but experimentally it has been found that the B.D.E. of Fz is much less than that of Cl; 
which indicates that Cl- Cl bond is more stable than that of F — F bond. This apparently anomalous behaviour can 
be explained from two different points of view. 

(i) The electronic x 
configuration of the 
outermost sub shell of Cl 
atom is 3s? 3p,! 3p,? 3p,? 
3d°. Two Cl atoms can 
from one o bond using 
3p! orbital. However, the 
vacant 3dorbital ofone Cl 
atom can overlap laterally 


with suitably filled 3p filed by 3p, Vacant 3d orbital 
orbital of other Cl atom orbital of one Cl atom of other Cl atom 
giving rise tê dir pît bond. Fig. 3.10 : 


Since Ё atom does not contain d orbital, such type of multiple bonding is not possible in F2 molecule. This idea 
was proposed by Mulliken. 

(ii) Coulsan however pointed out that the low dissociation energy of fluorine molecule can be easily 
explained by considering the coulombic force of repulsion acting between the non-bonding electron pairs 
їп fluorine molecule. The F-F bond distance in Fz molecule is much less than that of Cl- Cl distance. The 
non-bonding electron pairs in 2p sub shell of F atom in Р; molecule exerts а larger force of repulsion on the other 
non-bonding electron pairs of 2p sub level of other F atom. But as the Cl Cl distance is much larger than 
Е-Е bond distance, the non bonding electron pairs in 3p sub shell of one Cl atom exerts much less force of 
repulsion on the non bonding electron pairs of 3p orbital of other Cl atom. Thus the repulsion force acting between 
the non bonding electron pair of 2p orbital weakens the F — F bond making its bond dissociation energy smaller 
than that of Cl – Cl bond in Cl; molecule. 

e Application of electron affinity : (i) Higher the electron affinity of an element, 
higher is its oxidising power. (ii) Higher value of electron affinity explains the stability of 
an anion. (iii) Higher the electron affinity, higher is its electro-negativity and non metallic 
character. (iv) An element having higher electron affinity has greater tendency to form 
ionic bond. 

12. Electro-negativity : 

According to Linus Pauling, electro-negativity of an atom in a molecule is defined as its 
relative power to attract the shared electron pair in a covalent bond towards itself. 

This idea of Pauling suggests that electro-negativity is not a property of an atom in its 
isolated state, but it is controlled by and dependent upon the environment. Thus the electro- 
negativity of Sn in SnCl; must be different from that of Sn in SnCl,, since the attractive power 
of Sn (IV) for electron is much greater than that of Sn (II). 

e Factors affecting electro-negativity : 

Various factors affect the numerical value of electro-negalivity. 

(i) Hybridization : Hybridization of orbitals affects the electro-negativity because of lower energy and hence 
greater attracting power of Sorbital. The hybrid orbitals having more S-character is more electro-negative. Since 
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S-electrons are held more tightly. than P electrons, the electro-negativity of an-atom increases with the rise of 
S-characler as shown by the following electro-negativity values of carbon and nitrogen. 


Thus it is seen that‘in’sp state {50% s«character) nitrogen is more electronegative than fluorine (4:0) and 
carbon approaches oxygen (3.5): 

(ii) Partial ionic charge : Positive and negative charge, formal charge; oxidation number etc. influence the 
electro-negativity of an atom. à 

As the positive charge of an atom increases, its electro-negativity also increases, оп the other hand as the 
negative charge of an atom increases, ils electro-negativity decreases. Thus C* (carbonium ion) is more electro: 
negative than С- (carbanion). Ғе? ion is more electro-negative thon Fe?*. 

Again, it was shown by Jaffee-et al, that an iodine atom with partial charge of about +:0:4 is almost same 
electro-negative as fluorine atom. 


[a] 
H 


ti 


(iii) Atomic radius : Atoms of small size have higher 
electro-negativity than atoms of larger size as shown in 
the adjecent table. 

(iv) Electron affinity : Higher the electron affinity of 
ап element, the higher is its electro-negativity. Thus 
halogens having higher electron affinity values are more 
electro-negative than the metals which have lower electron 
affinity values. 

T түрт - (У Oxidation number : The electro-negativity of an 
element increases with the increase of its positive oxidation number. This explains why the cations are more 
electro-negative while the anions are less electro-negative than the corresponding atom, This is illustrated in the 
following table. „Шш еза | 
€ Periodic trends of electro-negativity of 
elements : 1. E rg O 
Blectro-negativity,, isa. property of elements 
which is aperiodic function of their atomic numbers: 
The eléctro-negativity of s and p block elements are 
shown; below, which. indicates how. the electro- 
negativity, changes with. the; rise. of. atomic. number, along а period as well in a group. 


со 


505 


is 


Ge: 
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(iy As we move from left to right along a period, the electro-negativity of elements increases 

with the rise of atomic numbers. 

This is due to the increase of effective nuclear charge (Zg) and also due to decrease of the 
atomic radii. The alkali metals have weak attraction for electrons hence they are least electro- 
negative on the otherhand, halogens have the highest electro-negativity because of their ns? np? 
configuration. 

(ii) Ina group as we go down, electro-negativity decreases. This is primarily due to increase 
of atomic radius. Though the effective nuclear charge increases, the increase of atomic radius 
outweights this effect. ) 

The periodic variation of electro-negativity of elements with their atomic numbers is shown 
below. 


Atomic number 


© Fig. 3.11 : Periodic variations in the electro-negativities of the elements 

e Application of electro-negativity : 

Electro-negativity plays a significant role in understanding different aspects of molecular 
properties e.g. types of bond, percentage of ionic character in a covalent bond, oxidising power : 
of an element, stability of a bond etc. 

(i) Types of bond : An ionic bond results when electron:transfer takes place between two 
atoms having wide difference of electro-negativity, while the covalent bond results by the 
sharing of electrons between two atoms of high electro-negativity. 


Transfer of electron (s) 
Sharing of electron (s) 
Electron sea 


(2) High 
(3) Low 
(ii) ( a) All electro-negative elements are oxidising agents. Larger the electro-negativity of 


an element; the higher is its oxidising power. (b) Non-metallic property of an element is 
controlled by electro-negativity, consequently the higher the electro-negativity of an element, 


CH-I/9 


High 
low 
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higher is its non metallic character. (c) Again the electro-negativity of an element controls the 
power to form hydrogen bond. Thus, only fluorine, oxygen and nitrogen having high electro- 
negative values. can form hydrogen bond. 

(iii) The concept of electro-negativity is utilised in assigning the formal charge of an atom 
in a heteromolecular diatomic molecule which in turn is called oxidation number. The more 
electro-negative partner of the bond A — B is assigned negative oxidation number while the 
less electro-negative one is assigned positive oxidation number. 


(iv) Percentage of ionic character in a covalent bond : The most important application 
of electro-negativity is to evaluate quantitatively the percentage of ionic character in a 
covalent bond say A—B. As the difference of electro-negativity between the two elements A 
and B increases the bond becomes more and more ionic. 

Pauling proposed an empirical equation to find out the percentage of ionic character in a 
bond A—B, According to him, 

The percentage of ionic character = 100 | 1-e -4%- eal 

Where X, and Хр are the electro-negativities of elements A and В respectively in the 
bond A—B. 

When the percentage of ionic character is plotted against the difference of electro- 
negativity (Ха — Хв), the following graph is obtained, which reveals-— 

(a) When (X4 — X5) = 177, the bond is 50% ionic character. 

(b) When (X, — Xg) > 1 7, the bond is more than 50% ionic character. 

(c) When (ХА — X;) < 17, the bond is less than 50% ionic character. 


On the basis of the 
above equation Pauling 
found out the ionic 
character in HF to be 
60%. But the evaluation of 
percentage of ionic cha- 
racter in HF by dipole 
moment study, Hannay 
and Smyth showed that it 
oreet inca gos rhe das ҳ was 43%. : 
Hannay and Smyth According to Hannay 
and Smyth % of ionic 
character = 16(X4 — Хв) + 
3.5 Q4 — Хв) 

Thus, in the graph, (X, 
—Xz) is plotted against the 
percentage of ionic cha- 
|l 3 racter in the bond A—B, 

X- X as found out by Hannay 
and Smyth's equation. 
Fig. 3.12 : Relation of the amount of ionic character in a bond A—Bto ће Тһе graph of Hannay 
ativities of the bonded atoms and Smyth reveals that— 
(a) When (X4 — Хр) = 2^1, the bond has 50% ionic character. 
(b) When (X, — Хв) > 21, the bond has more than 50% ionic character. 
(c) When (X, — Хв) < 21, the bond has less than 50% ionic character. 
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Hannay and Smyth equation is more accurate than Pauling's one and hence widely used. 

Thus applying Hannay and Smyth's equation, % of ionic character in 

HAF = l6(Xr- Xp) +375 (ХЕ Хн) = 16(4-2:1) #3°S (4-219 = 43 

Similar calculation shows that НСІ has 17%, HBr has 13% and HI has 7% ionic 
character. 

(у) A knowledge of electro-negativity is utilised to explain the basic and acidic 
characters of the hydroxides of metal and non-metals. Thus the aqueous solution of NaOH 
is alkaline, НОСІ is acidic while Zn(OH); is amphoteric. 

Let us consider a hydroxide X—O—H. 

(a) Now if the difference of electro-negativity between X and O is greater than that 
between O and Н, then the bond X—O will be more ionic than bond O—H. In that case the 
chance of dissociations of bond X—O will be greater than that of O—H. Consequently, in 
aqueous medium it will supply ОН” ions and the hydroxide XOH will be basic. 

(b) If О-Н bond is more ionic than X—O bond than O—H bond will rapture in 
aqueous medium with the liberation of H* ions and in that case the compound XOH will be 
acidic. 

(c) If on the otherhand, the difference of electro-negativity between X and О is close to that 
between O and H, the compound ХОН will have amphoteric behaviour. ` 

e. The aqueous solution of NaOH is alkaline whereas the aqueous solution of CIOH is 
acidic— explain why. 

The electro-negativities of Na, O and Н ore 0'9, 3'5 and 21 respectively. Consequently, the difference of 
electro-negativity between Na and О is much greater than that between О and H, As a result Na—O bond will 
be more ionic than O—H bond, As a result the Na—O bond will rapture with the supply of OH in the solution. 
Hence the resulting solution of NaOH is alkaline. 


09 35 2T 1 
Na —O —H Na———O-—H = Ма + ОН Na! 4.xH,O ==. 1Ма(Н:О),]" 


On the other hand in НОСІ the electro-negativity of Cl being 3'0, ће difference of electro-negolivity 
between O and H becomes greater than that between O and Cl. As а result O—H bond becomes more ionic than 
ОСІ bond. So in its aqueous solution O—H raptures liberating Н" ions in the solution. ! 

21 35.30 
H—O—Cl н——о—а = H'«od H,O+H" == [HOF 


Thus, the resulting solution becomes acidic. 
e Zn(OH): is omphoteric— explain why. 
Zn(OH); is amphoteric because, depending upon the medium it can provide both H* and OH? ions in the 
solutions. The electro-negativities of H, О and Zn atoms are given here, 
21.35. 18 35 2! 
H—O—Zn—O—H 
Both the ОН and Zn—O bond have almost same polarity. The bonds соп rapture in апу of the following 
ways— 


RODEN == DFO m 
H——O—Zn—O--H == 2H" «00: ш... (2) 


In presence of acid, the basic dissociation (1) predominates, as the added H* ions combine with OH" ions to 
produce practically undissociated weak electrolyte HO. Equilibrium is displaced towards right and in this case 
Zn(OH) behaves as basic hydroxide. In presence of strong alkali the acidic dissociation (2) predominates as 
the added OH- ions combine with the H* ions obtained by the rapture of O—H bond, to form H;O. So ће 
equilibrium shifts to the right and in this case Zn(OHI; behaves as acidic hydroxide. 
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(vi) Electro-negativity and the nature of oxides of elements : 

The relative strength of acidic, basic and amphoteric oxides mainly depends on the electro- 
, negativity of the elements. We know that an acidic oxide is a good acceptor of lone pair of 
electrons, a basic oxide is a good donor of lone pair, while an amphoteric oxide may act as an 
acceptor or donor of lone pair of electrons. The switch over from basic to acidic oxide is shown 
with reference to the oxides of elements of 3rd period. 


Very 
strongly 
acidic 


of oxides 


Ampho- | Weakly | Acidic c‏ م 
basic terie. acidic acidic‏ 


(a) When Оз combines with an element of low electro-negativity like Na, Mg etc., the bond 
M—O becomes polar and О atom acquires partial negative charge. The greater the partial 
charge on oxygen atom, the higher will be the availability of lone pair on oxygen atom for 
protonation and stronger will be the basic character of the oxide. Hence oxides of Na, Mg, K 
etc., are strongly basic. 

(b) As we move from left to right, the oxidation number i.e., electro-negativity of elements 
increases. The highly electro-negative atom becomes acceptor of lone pair. As the electro- 
negativity i.e., oxidation number increases, its ability to accept lone pair also increases and 

* hence the acidic property also increases. Thus SOs, Cl;O; are strongly acidic. р 

(c) Oxides of Al, Zn, Be etc., may accept lone pair or the O atom of the oxide may donate 
lone pair. Remember that, elements with higher oxidation number i i.e. with higher electro- 
negativity may be acidic. This explains why MnO is basic but Mn30; is acidic. 

(vii) Stability of bond : As the difference of electro-negativity between two elements 
increases, the bond between tHem becomes more stable. ў 

(viii) Colour of salts : The colour of a salt is different from its ions. Thus РЫ, is yellow 
but Pb** and T ions are colourless. On the basis of this observation Pitzer and Hildebrand 
proposed that, the extent of deviation of the colour.of a compound from that of the ions into 
which it might dissociate, may be taken as a measure of the deviation of the pon. ‘from pure. 
ionic bonds. 

Hence deepening of colour from lemon yellow (^ =4100 A) to blue (= 6100 A) may be taken 
às a measure of the amount of covalent character of compounds of atoms with colourless one. 

The following table gives the enthalpy of formation in К cal/mole, electro- -negativity and 


colour of some salts. 
delet] Bromide шысын lodide 
"S Ma 


Enthal 
у 


formation 
45 


Cd (1) 


Pb (Il) 
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From the above table it is approximately observed that, (a) ifthe enthalpy of formation i.e., 
the percentage of ionic character i.e., difference of electro-negativity (X4 — Xp) = 0°95, the 
compound is coloured. 

(b) If the difference of electro-negativity is more than that, the compound is colourless. 

(c) If the difference of electro-negativity becomes lesser and lesser, the colour goes on 
deepening. Thus in the halides of Ag— 

AgCI (30% ionic character) — White 

AgBr (24% ionic character) — Light Yellow 

AgI (15% ionic character) > Yellow . 

AgS (4% ionic character) — Black. 

e Evaluation of electro-negativity : 

(i) Pauling method : Pauling proposed a method to find the difference of electro-negativity (X, = Xs) of 
bond A—8 from the bond energy of A; and B; molecules. The bond A—B has the following resonating 
structures : : 

A—B «9 A'— B' Өз ABT 
1 Ш m 

IFA is more electro-negative than B, then structure Ill may be neglected. The structure Il must bear a relation 
with the difference of electro-negativity between A and B. This difference A is known as ionic resonance energy 
due to resonance between structures | and Il. 

If Disa be the actual bond energy and D дв) be the energy of the normal covalent bond, then 

А = Diao = О (а-в 

D". can be found out by postulate of geometric mean proposed by Pauling. According to this postulate ће 

energy of normal covalent bond [D 'д-в)] is the geometric mean of the energy of А; and B; molecules. 


Thus, D a-s) = V Орса x Ова) > А = Орду V Dau X Di) 
Example : 


Elements ares E 
A B k ate mole 
F 

Si " 

Si 


Pauling observed that Xa = X, is proportional to VA i.e., Xa = Xy « 
or, Xa- X439 KVA= 0:208 YA — Ais "Вее їп k cal/mole 
If either Xa or Xa is known the electro-negativity of the other can be evaluated. 


(ii) According to Mulliken, electro-negativity = LP. =A when І.Р. and Е.А. are expressed in eV. 
IF LP. and Е.А. are expressed in К cal/mol then electro-negativity = BIEN 


€ Remember, as the electro-negativity of an atom increases : 

(a) Its affinity towards electron also increases. 

(b) Its non metallic property increases and consequently its metallic property decreases. 

(c) Its oxidising property increases but its reducing power decreases. 

(d) As the difference of electro-negativity between two atoms in A - B increases, the bond becomes more ionic. 
(e) Its ability to form hydrogen bonding will also increase. 

(f) As the difference of electro-negativity between two atoms decreases, the compound will develop deep 


colour. 
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€ Ultra modern periodic table— super heavy elements : 


We are known to 105 elements. Of these elements Th (90) to Lw (103) belong to actinides (^f) series. Elements 
having atomic numbers 104 and 105 belong to d-block elements. 


Of late reports of the discovery of new elements 106-109 and 114, 1 15 have been published. These elements 
are callled super heavy elements (S Н Е). 


According tol UPA C system, the rules o naming the elements of atomic number more than 100 are as follows, 
(1) The roots of the three digits in the atomic number of the elements are serially expressed as follows : 

0 1 2 3 4 5 6 7 8 9 

nil un bi tri — quad pent hex зер о enn 


(2) The complete name of the elements are derived by putting together the roots and adding the ending ‘ium’ 
without any hyphen between the roots. 


(3) In some cases the names are shortened, e.g., bi ium is shortened to bium. 
(4) The symbol of the element is derived from the first letters from the roots which make up the name. 


Examples : 


At. no. Numerical roots Name Symbol 
100 un nil nil unnilnilium Unn 
101 un nil un unnilunium Unu 
102 un nil bi unnilbium Unb 
107 un nil sept unnilseptium Uns 
109 un nil enn unnilennium Une 
117 un un sept ununseptium Uus 
199 un enn enn unennennium Uee 
200 bi nil nil binilnilium Bnn 


e Solutions of some typical problems : 
(1) The electronic configuration of an element is 152 2s? 2p* 3s? 3p!. Indicate its position in the periodic 
table. Explain whether the element is metal or non metal. Fiad its valency. 


Ans : Since the principal quantum number (n) of the outermost shell of the atom is 3, the element 
belongs to third period. Again it contain 3 electrons in the outermost shell hence the element occupies 
group III (no d electron is present). Since it belongs to group Ill, in the 3rd period, it is a metal and its normal 
valency is 3. 


(2) The atomic numbers of the two elements A and Bare 9 and 17 respectively. Write down their electronic 
configurations and explain which one is stronger oxidising agent ? [WBJEE '81] 

Ans : sA = 18 2s?2p,? 2p? 2р,! 17B = 1s? 2$ 2р5 3s? 3p? 3p? 3p,' 

The electronic configurations of the elements indicate that Ihe atomic radius of A is less than that of B. Hence 


the electro-negativity of A is more than that of B. We know, higher the electro-negativity of an element stronger 
is its oxidising power. Hence A is stronger oxidising agent than B. 


(3) The atomic numbers of three elements are 11, 18 and 26. Indicate what type of elements are they? 


Ans : The electronic configuration of the elements are— [WBJÈE 82] 

(i) 1s? 2s? 2p5 3s! (ii) 1s? 252 2p* 3s? 3p* (її) 1s? 2s? 2p5 3s? 3p* 34 452, 

(i) The first element belongs to third period and in Group IA. It is a metal, s block element, highly active with 
low ionisation potential. It is a member of “Representative type” element and is paramagnetic. 


(ii) The second element also belongs to third period but in zero (0) group. It is an inert element as it contains 
8 electrons in its outer most orbit. All are paired and diamagnetic. 


(iii) The third one is a member of fourth period but belongs to Group VIII, since its d shell is incomplete. It is 
a member of transition elements and is paramagnetic. 
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(4) The atomic number of the three elements A, B and C are 17, 18 and 20 respectively. 

(а) Write down their electronic configurations. 

(b) Which one is metal and which one is non metal ? 

(c) Write down the molecular formula of the compound obtained from A and С. 

(d) State the type of valency of the above compound. [W.B.H.S, '83] 

Ans : (a) Electronic configurations of A, В and С are— 

vA = 1$ 25 2 3s? 3p,? 3p? 3p,' 
188 = 1s? 2s? 2p* 3s? 3р,2 3p,? 3p,? 
aC = 15? 2s? 2р 3s? 3p 4s? 

(b) A occurs in third period and in Group Vil. Hence it isa non metal with high electro-negativity. 

B contains 8 electrons in the outer shell so itis inert and belongs to 0 group in the 3rd period of the periodic 
table. It is an inert non metal in gaseous state. 

C contains 2 electrons in the outermost shell. It occurs in fourth period and in Group II. Itis an electro-positive 
element and hence metal. 

(c) Since A belongs to Group VII and contains] unpaired electron, its valency is 1. С is a metal having 2 
electrons in the outermost shell. It is bivalent. Therefore the molecular formula is CA». 

(d) А is a strong electro-negative element with high ionisation potential and high electron affinity. C, on the 
otherhand, is an electro-positive metal with low ionisation potential. Therefore combination of A and C will lead 
to ionic bonding. 

(5) The densities of Group IA elements in g/cm? is given below : 

li = 0'534, Na = 0971, K 0862, Rb = 17532, Cs = 17900. Calculate their atomic volumes. State which 
one between atomic volume or density is periodic in nature. [W.B.H.S. '83] 

(Given At; wt. Li= 7, Na = 23, К = 39, Rb = 85/5, Cs = 133) 

Gram atomic weight 

Density 

7 

0`534 

23. „237 

0'971 
32 
“© 0862 
855 558 
1:532 
133: 
1:900 


Ans : Atomic volume = 


. Atomic volume of Li = 13`1 


Atomic volume of Na 


Atomic volume of K- 2452 


Atomic volume of Rb 


Atomic volume of Cs 2700 


The atomic volumes and their densities are tabulated below for comparison : 


Density (g/cm?) 
li 0'534 
Na 0'971 
K 0:862 
Rb 1532 
Cs 1:900 


It is observed from the above table that with the rise of atomic numbers the atomic volume increases 
monotonically without any fluctuation but their densities show fluctuations— sometimes increase, sometimes 
decrease, Hence the atomic volume of the elements are in conformity with the periodic law. 
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(6) The atomic number of the three elements А, B and C are Z- 2, Z and Z + 1 respectively. B is an inert 
gas. 

(i) Which one is most electro-negative? 

(ii) Which one has highest ionisation potential? 

(iii) Write down the formula of the compound obtained by combining A and С. : 

(iv) Write the type of bond in the above compound. [W.B.H.S. '85] 

Ans : (i) A is most electro-negative since B, being an inert gas occupies 0 group and the atomic number of 
A is 2 less than B, since its atomic number is Z — 2. Hence A occurs in group 2 less than that of B i.e., in 
Group VI. Its outermost electronic configuration is ns? np? np, npj'. It is a p-block element, a member of 
chalcogen, higher electro-negative and non metal. As the atomic number of C is 1 greater than that of inert gas 
B, [At. No. = (Z + 1)], it occurs is Group IA. It belongs to alkali metals. 

` (ii) The ionisation potential of В is highest because its effective nuclear charge (Z4 = Z - S) is maximum and 
again it contains stable octet configuration in its outermost shell. 

(iii) The outermost electronic configuration of A is ns? np,? пру! np;'. Its valency is 2. С has outermost 
electronic configuration ns! i.e., it is a metal with low ionisation potential. The electron affinity of A is high. 
Therefore the formula of the compound is C; A. 

(iv) The bonding іп C,Ais ionic as Cis an electro-positive element with high tendency to give up electron while 
Ais an electro-negative element with large tendency to capture in electron. 

(7) How are the following properties of the element change as we move from left to right across а period 
and from top to bottom in a group. 

(i) Atomic volume, (ii) Valency, (iii) Electro-negativity, (iv) Oxidising and reducing property. 

[W.B.H.S. '88] 

Ans : (i) As we move from left to right across a period with the increase of atomic numbers, atomic volume 
first decreases and then increases. On moving from top to bottom in a group, the atomic volume increases. 

(ii) As we move from left to right in a period, the valency and oxidation number both increases but it remains 
constant in a group. 

(iii) Electro-negativity increases in a period from left to right with the rise of atomic numbers but decreases 
as we go down in a group from Юр. 

(iv) From left to right oxidising property of an element increases i.e., its reducing power decreases. Again 
as we go from top to bottom in a group, the oxiding power of an element decreases i.e., its reducing power 
increases. 

(8) Explain why the first ionisation energy of carbon is greater than that of boron atom whereas the reverse 
is true for the second ionisation energy. [L.L.T. 89] 

Ans : The electronic configuration of B and C are В = 1s? 2s? 2p! С = 1s? 2s? 2p?. 

The effective nuclear charge of C (Zaf) is more than that of B. Again size of C is less than that of B. 
Hence higher energy is required to remove one electron from C than from B. Hence first |. E of C is more than 
that of B. But after 1 electron is lost from both B and C their electronic configurations become B* = 1s? 2s? and 
Co = 1 22 2p!. 

Now B* attains stable ns? configuration. Again degree of penetration of s electron is more than that of p 
electron. Hence larger energy will now be required to knock out 2s electron from B* than 2p electron from C*. 
Therefore second I.E of B is higher than that of C. 

(9) Electro-negativity is a measure of— 

(a) Metallic character, (b) Non metallic character, (с) Metalloid, (d) Basic character. [C.M.C. Vellore ’91] 


[Ans : (b/] 
(10) Among the following atoms the one with the highest second ionisation potential is (a) Nitrogen, 
(b) Carbon, (с) Oxygen, (d) Fluorine. [Ans : (c]] [A.L.1.M.S. ’91] 


(11) The correct order of second ionisation potential of C, N, O and F is— 
(a)C >N>O>F (b)O>N>F>C(c]JO>F>N>C (dJ)F>O>N>C [Ans : (c)] [P.M.P.D. '91] 


(12) Transition metals (a) Undergo inert pair effect (b) Exhibit diamagnetism (d) Do not form alloy (d) Show 
variable oxidation states. [Ans : (d)] [А.1.1.М.5. '88] 
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(13) Which of the following gives the correct order of the size of the ionic species ? 

la] » F» 1 (b) » I» (е) F» M (dJ F> I> t [Ans : (d)] [A.L1.M.S. '88] 

(14) The statement that is not correct for the periodic classification of elements is— 

(a) The properties of the elements are periodic functions of their atomic numbers. 

(b) Non metallic elements are lesser in number than metallic elements. 

[c) The first ionisation energies of elements along a period do not vary in a regular manner with increase 
in atomic numbers. 

(d) For transition elements the d-sub shells are filled with electron monotonically with increase of atomic 
numbers. [Ans : (c]] ПАТ. 92] 

(15) Calculate the electro-negativity of chlorine. Given the bond energies of Cl; = 58 k cal/mole, 
F = 38 k cal/mole and Cl - Е = 61 k cal/mole. Given electro-negativity of fluorine is 4'0. 

Ans : We know from Pauling’s calculation of electro-negativity— 


A = Dia-n - NDe x Da; 
= 61 - 38x 58 = 14 k cal/mole 
X -Xa = 0:208 VA. 
Xa = X - 0208 VA = 40-0208 N14 = 4/0-0208x 374167 40-0782 32 


€ Questions @ 


1. State and explain the periodic law. Discuss the usefulness of modern periodic table. 

2. Explain the statement: The physical and chemical properties of elements are periodic functions of their 
atomic numbers’. 

3. (a) State modern versiori of periodic law. [W.B.H.S. '90] 
Ы On what basis did Mendeleeff arrange elements in the periodic table ? What were ils short comings ? 
с) Discuss the statement— ‘The properties of elements are periodic functions of the electronic configurations 
of their atoms particularly of the outermost level’. 
4. (a) State periodic law in terms of atomic number. 


b) Give a brief description of the moder periodic table based on the distribution of electrons. 
5, Justify the following statements : [W.B.H.$.87] 


(а) The originality of an element depends upon the atomic number. 

b) Hydrogen сап not be placed in а particular group in the periodic table. 

(c) Elements of Group IA and VIIA in the perioidc table are chemically very reactive. [W.B.H.S. '89] 
(d) Metallic property of elements in any period of periodic table decreases from left to right and increases from 


top to bottom. [W.B.H.S. '89] 
6. (a) Mention the two special properties of d block elements. [W.B.H.S. '89] 
b) Define atomic volume ? Why do the sizes of atoms of different elements decrease when moving from 
Group IA to VIIA in the same period ? [W.B.H.S. '90] 
7. (a) Discuss why atomic radii increase in a group, but decrease in a period. [Jt. Ent. 92] 
(b) How does the atomic size influence the metallic and non metallic properties of elements ? 
c) Describe briefly the long form of periodic table. [W.B.H.S. '92] 
8. (a) Discuss how atomic volumes of elements change in the periodic table. 
(b) Mention the defects of Mendeleeff's periodic table. [W.B.H.S. '94] 


(c) Give arguments against placing hydrogen along with the alkali metals in the periodic table. 
[W.B.H.S. '94] 
9. (a) In his periodic table Mendeleeff placed cobalt (at. wt. 58.1) before nickel (at. wt. 58.7). How this 
apparent anomaly has been justified in modern periodic table ? Ш. Ent. '91] 
(b) Write down the electronic configuration of element having atomic number 21. Name two other elements 
of the same series to which this element belongs. Why do they belong to the same series ? Ut. Ent. '91] 
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10. (a) Name the elements predicted by Mendeleeff as ekaboron and indicate its position in the periodic table. 
(b) Arrange the elements of the third period in order of increasing atomic number. [Jt. Ent. '95] 


(c) In which group of the periodic table, solid, liquid and goseous—all three types of elements are found? 
What are three elements $ [Jt. Ent. 94] 


11. What is the importance of zero group elements in the periodic table ? Coment on the placement of 
hydrogen in Group IA. (2. Ent. '92] 


12. (a) Name the respective groups and periods of the elements having atomic numbers 18 and 26, What 
would be the possible valencies of these elements ? 


(b) State giving reasons why argon (at. wt. 39.94) has been rightly placed before potassium of atomic weight 
39.01 in the periodic table. [Jt. Ent. 91] 
13. (a) With reference to the periodic table name (i) two elements which are chemically similar to potassium, 
(ii) wo elements chemically similar to sulphur, (iii) elements wilh atomic numbers 20 and 26. What would be the 
possible valencies of these elements ? [Jt. Ent. '91; M.L.N.R. '90] 


(b) Name two pairs of elements in which theorderof increasing atomic number is not in the order of increasing 
atomic weight. 
(с) K* and CI 7 ions are isoelectronic. Explain whether they would have same radii or not. [Л Ent. ’84] 
14. (a) How do the atomic size i.e., atomic radii vary in a group and in a period ? 
(b) Which of the following pairs would have a larger size 2 Explain your answer. (i) Br or Br, (ii) No* or 
K+, (iii) S or Se, (iv) Nat or Mg?*, (v) К? or К, (vi) Тог Br [WBHS '92] (vii) Mg or Al [WBHS '92] 
15. (a) What is understood by electro-negativity of an element? How does it vary along a period and in a 
group and why? [W.B.H.S. '91] 
(b) Which one of the elements is the most electro-negative ? [Jt Ent. '94] 
(c) How many elements are there in the first transition series? Why these elements are in the fourth period? 
[Jt. Ent. 86] 
16. (a) What characteristics are present in the arrangement of electrons in inert gases and transitional 
elements ? Ut. Ent. '86] 
(b) Give the characteristic properties of 'd' block elements. 
(c) Arrange the following elements in order of decreasing electro-negativity value, O, Cu, C, N. 
[Ans. O> М> С> Cu] [W.B.H.S. 91] 


17. (a) Explain the term ionisation potential of an element. What are the factors upon which it depends? 
Explain how ionisation potential varies with atomic size ? 


(c) Explain the difference between electro-negativity and electron affinity. 

d) Arrange the following in the order of increasing ionisation potentials— 

i) Li, He and Be, (ii) Li, Ве?* and B. [Ans. (i) Li < Be < He, (ii) Li < В < Ве?*] 
18. Explain why— 

(i) Atomic radius of oxygen is slightly greater thon that of nitrogen. 

(ii) There is only a very small increase in size from Al to Ga. 

iii) The first ionisation energy of boron (at. no. 5) is lower than that of beryllium (at. no. 4). 

iv) Oxygen (at. no. 8) has a lower ionisation energy than that of nitrogen (al. no. 7). 


(v) The I. P. of Li is much lower than that of helium despite the fact that the nuclear charge of lithium is + 3 
and that of He is +2. 


vi) Electron affinity values of noble gases are zero while those of Mg, Be and N ore almost zero. 


Hints : Noble gases have s%p* configuration in their valency shell which is fully filled. 

In Mg and Be the outermost shell is fully filled (s?) and in N it is half filled. So they are much stable] 
(vii) An anion is bigger than the atom from which it is formed. 

(viii) А cation is smaller than the atom from which it is formed. 
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(ix) Ina period, the size of the atom decreases with the increase of atomic numberbutattheend of each period, 
in the noble gas, the atomic size increases abruptly. 
x) Bromine is less electro-negative than chlorine. 
(xi) Though fluorine is most electro-negative element yet, its electron affinity is much less than that of 
chlorine. 
xii) Potassium is more electro-positive than sodium. 
xiii) He atom has smaller size than that of H. 
xiv) Two atoms of nearly equal size, ће one with a higher atomic number is less metallic. 
xv) lonic radius of Nat is less than the atomic radius of Na. 
xvi} lonic radius of Cl- is more than that of Cl atom. 
(xviii) lonic radius of S% ion is greater than that of Cl ion. 
xix) Vander Waal's radii are greater than covalent radii. 
xx) Most transition metal compound are coloured. 
(xxi) Formation of F^ (9) from F (9) is exothermic whereas that of O% (д) from О (9) is endothermic. 
Hints : In oxygen, the second step involves the addition of second electron to O 7 having negative charge. 
The repulsive force which operates makes this step highly endothermic O + е > O?*] [Roorkee Eng. '87] 
xxii) Transition and inner transition metals have variable oxidation states. 
xxiii) Zero group elements and half filled orbitals are more stable. 
xxiv) s-block elements are very active. 
xxv) Electron-affinities of noble gases are zero and those of N and P are very low. 


xxvi) The first P. of carbon atom is greater than that of boron atom whereas the reverse is true for the second 
ІМТ. '89] 


ionisation potential. 
(xxvii) Chlorine can be converted to Cl- ion more easily os compared to F ~ ion from fluorine. 


xxviii) The second ionisation energy of an element is higher than its first ionisation energy. 

19. (a) Predict the atomic number of the element having maximum number of unpaired 3 p electrons. 

b) Which of the elements belong to the same group of the periodic table ? Z = 24, 29, 42, 47 and 55? 
20. State Mendeleeff's periodic law. What deficiencies have been observed in this law and how have these 

been removed to constitute a modern periodic table ? [M.L.N.R. 89] 
21. Comment on the usefulness of the periodic table. [M.LN.R. '91] 
22. (а) Why does the first ionisation energy increases as we go from left to right in a period of the periodic 


table. 
(b) Which of the following pairs of elements would have a higher electron affinity 2 (i) B and Be, (ii) fluorine 


and chlorine. Explain your answer. 

23. (a) Explain why the Ath period has 18 elements and not eight. 

(b) Lanthanides and actinides are placed in separate rows at the bottom of the periodic table—explain the 
reason for this arrangement. 

(с) What are the characteristic properties of s-block elements? 

24. (a) The following species are iso electronic with the noble gas Ar. Arrange them in the order of increasing 
йаз Kt, s", cr, co* 

[Hints : Since all have equal number of electrons, the greater the nuclear charge, the smaller will b 


the size] 

(b) The ionisation energy of phosphorus is more than that of sulphur—explain why. 

25. (a) Which of the following electronic configurations would you expect to have the lowest ionisatic 
potential and explain why. 

(i) ls? 2s? 2p, lii) 152 282 2p, (ій) 182 22 2р 35). 

(b) Why more energy is needed to remove an electron from К electron shell than from L shell ? 
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26. (a) An element ‘A’ belongs to Group Ill in the second period of periodic table. Which of the following sets 
of properties would be exhibited by ‘A’ ? 

(i) Solid, most metallic, (ii) liquid, most metallic, (iii) solid, non-metallic, (iv) solid, less metallic, (у) gaseous 
non-metallic. 2 E 

(Ь) On the basis of electronic structure, how will you select (i) the first element in a period, (ii) the last member 
in a period, (iii) chemical similar elements, (iv) transition elements, (v) inert gases. 

27. An element ‘M occupies Group VII and 2nd period in the periodic table: (i) What is electronic 
configuration of the element ? (ii) What is the valency of the element 2 (ii) State whether metallic or non-metallic 
property will be exhibited by it. (iv) State whether the hydride of 'M' will be ‘acidic or alkaline. (у) What type of 
bond will be formed when it is combined with sodium ? 

28. Show the distribution of electrons in the three elements A, B and С having atomic numbers 9, 13 and 
17 respectively. р 

(i) State which one of the three elements is most electro-positive and which one is the most electro- 
negative? 

ii) Which one has the greater oxidising power? 

iii) Which one has the highest ionisation energy? 

(iv) Which one has the maximum electron affinity? 

у) Which one of the two is smaller in size? М 

29. The atomic numbers of three elements A, Band Care Z, (Z + 2), апа (Z+ 3) respectively. If of these three, 

B happens to be an inert gas, then, 

i) Which one of the three is most electro-negative? 

ii) What is the formula of the compound formed between A and C? What would be the nature of valency 

of this compound? 

iii) Which one of A, B and C will have highest heat conducting power? [W.B.H.S. '90] 

30. (a) In his periodic table Mendeleeff placed cobalt (at. wt. 58.9) before nickel (at. wt. 58.7). How this 

apparent anomaly has been justified in modern periodic table? 

b) Write down the electronic configuration of the element having at. no. 24. Name two other elements of the 

same series to which this element belongs. Why do they belong to the same series ? 

c) Name the respective groups and periods of the elements having atomic member 18 and 29: 

What would be the possible valencies of those elements? 

31. Four elements A, B, C and D have atomic numbers (7 — 2), Z, (Z + 1) and (Z + 3) respectively, of these 

four elements, B is an inert gas which occupies third period of the periodic table. 

i) Which one has the highest value of electro-negativity? 

ii) Which one has the highest ionisation potential? 

iii) Which one is a transition element? 

(iv) Which one is strong electro-positive element? 

v) What will be the nature of bond between A and C in the compound formed? 

32. (a) The electronic configuration of an element is 1s? 2s? 2p 3s? 3p!. If its mass number is 27, mention 

the number of each fundamental particle present in its nucleus. What will be its position among the periods and 

groups in the periodic table? What will be its valency? 

b) Mention the group and period in the periodic table to which oF belongs. [W.B.H.S. 94] 

i) What is the relation of valency and electro-negativity of an element with its position in the periodic table? 

33. (a) The electronic configuration of an element is 152, 2s? 2p* 3s? 3p* 3d'? 4s?. Find out the position of 

the element among the periods and groups in the periodic table? State whether the element is metal or non-metal? 

What is its valency? Name the element. 

b) Name the element predicted by Mendeleeff as ekaboron and indicate its position in the periodic table. 

Arrange the elements of the third period in order of increasing atomic number. Explain why electro-negativity 

increases along a period from left to right but decreases down a group when atomic number increases in both 

the cases. Justify, mentioning two points, the inclusion of Ca and Mg in the same group in the periodic table. 
Dt. Ent. '96] 
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34. (ij In which group of the periodic table solid, liquid and gaseous—all three types of elements аге found? 

What are the elements? _ Ut. Ent, '96] 
(ii) Arrange in order of decreasing or increasing electro-negativity. H, F, О, Cl, S, N, and C. 

Ut. Ent. '95] 

(ii) Mention the groups and periods of Mendeleeff's periodic table in which the following elements have been 


placed? 
Al, P, Br, Ca, Fe P 
(iii) The volume of one atom of a metal M is 1°66 x 1023 cc. Find the atomic weight of M (given, density of 
M= 277 g/cc). [Ans : 2699] [Jt Ent. 93] 
(iv) What is the importance of zero group elements inthe periodic table? [Jt. Ent. '92] 
(v) Among Н, C, Si, O, Cl, N and 5 which one is most electro-negative? 
(vi) Which of the oxides Al2O3, SO;, $Оз, P4O:o, and CO is most acidic? [Jt. Ent. '92] 


35. (a) Mention the long periods and very long periods in the periodic table? (b) How many periods and 
groups are there in the periodic table? (c) What is the number of rare earth elements? Mention their position in 
the periodic table. : 

(b) Allot the positions of the following elements in the periodic table—1A, 128, 13C, 140, 1sE, 16F, 17G, uH and 
mention the periods and groups which they occupy. How do the following properties of these elements change 
as we move from feft to right along a period? (i) atomic size, (ii) eletro-negativity, (iii) valency, (iv) oxidising and 
reducing power, (v) nature of their oxides. 

(с) From the following informations allot the positions of the elements X, Y and Z in the periodic table. 
(i) X forms the only oxide X20 with oxygen. The oxide on being dissolved in water produces a strong alkali. 
(ii) The covalent hydride of Y is YH and the formula of the highest oxide of Y is ¥2Os. (iii) The hydride of Zis strong 
acidic and on being ionised Z produces Z- ion. (iv) The principal quantum numberof the outermost shell of X, 
Yand Zis n= 3. 

[Ans. X-group |, 3rd period, Y; group V 3rd period and Z-group VII of 3rd period] 
© (d) The elements A; B, and C have the atomic numbers (Z = 1), Z, and (Z ~.2) respectively. Of these three 
Glements B is an alkali metal which occupies the 3rd period of the periodic table. 

°` (i) Which one has the highest value of electro-negativity? 

(ii) Which one has the highest value of ionisation potential? 

(iii) Which one is:most metallic? 

(iv) What will be the nature of the bond between B and C is the compound formed? - 

(v) What type of element is A? ` [Ans : (i) C, (ii) A, (iii) B, (iv) BC electrovalent compound, (v) inert gas] 

36. Arrange the following as directed : өг А 

(i) Мог", OF, Nat, F is the order of increasing atomic radii. [Ans : Mg? < Nat < F < O^] 


(ii) SOs, ZnO, Ма;О, P4Os, MgO- in the order of increasing acid property. 
F ` [Ans : No;O < MgO < ZnO < PO: < 503] 


(ii) F, Cl, Br, 1 in the order of decreasing ionisation value. [Ans :F > Cl» Br > 1] 
(iv) F, N, ©, S in order of increasing electro-negativity. - [Ans :S<N<O<F] 
МЕ, Cl, Br, 1 in order of increasing electron affinity. [Ans :| < Br< F< Cl] 
` (vij F, Be, O, C, N in order of decreasing eleciron affinity. [Ans :F >O>N>C> Be] 
(vii) Na; Li, K, Rb in order of increasing atomic size. [Ans :Li< Na « K < Rb] 
(viii) Mg, OF”, Nat, F, N% in order of decreasing ionic radii. [Ans :N* > O*»F» Nat > Mg”) 
(ix) CF, S*, Ca, Ar in order of size. [Ans: Ca? < Ar < Ch < S7] 
(x) Br, F, Cl, Lin order of increasing oxidising power. У [Ans :| <br < Cl <F] 


(xi) ZnO, MgO, Мо;О, CaO, CuO in order of increasing basicity. 
[Ans : CuO < ZnO < MgO < CaO < №0] 


(xiii) Mg, Al, Si, Na in order of increasing first ionisation potential. [Ans : Na « Al < Mg < Si] ІШ. 81] 
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ө Objective type Questions : 
(I) Select the correct answer. ; 
1. Which one of the following is the smallest is size? 
(a) NF, (b) O7, (c) Е, (d) Noa’. [Ans : (d)] (11.7. 89] 
2. Amongst the following elements (whose electronic configurations are given below), the one having the 
highest ionisation energy is (a) [Ne] 352 3p!, (b) [Ne] 3s? 3p?, (c) [Ne] 3s 3р7, (d) [Ar] 3 d? 4s? 4p’. 
[Ans : (b)] 1117. 90] 


3. Variable valency is exhibited by (a) normal elements, (b) metallic elements, (c) non-metallic elements, 
(d) transition elements. [Ans : (d)] [M.L.N.R. ’87] 


A. The correct order of second ionisation potential of carbon nitrogen, oxygen and fluorine is 
(a) C>N>O>F, (b)O>N>F>C, (}O>F>N>C, (d)F>O>N>C. [Ans : (c)] Г.Т. 81] 
5. The element with highest ionisation potential is (a) boron, (b) carbon, (c) nitrogen, (d) oxygen. 

à [Ans : (c)] [1.1.T. *82] 
6. An element with atomic number 24 will be placed in which period of the periodic table? 
(a) 4, (b) 3, (e) 2, (d) 1. [Ans : (o)] [M.LN.R. '88] 
7.Се%% is the member of (a) s-block elements, (b) prblock elements, (с) d-block elements, (d) block elements. 

[Ans : (d)] [M.L.N.R. ^85] 

8. Which of the elements is most electro-negative? 


(a) Oxygen, (b) Chlorine, (c) Nitrogen, (d) Fluorine. [Ans : (d)] [M.LN.R. '85] 
9. Which one of the elements has maximum electron affinity ? 
(a), (b) Cl, (c) Br, (d) I. [Ans : (b)] [M.LN.R. '84] 
10. The electro-negativity of the following elements increases in the order (а) С, N, Si, P, (b) М, Si, C, P, (с) 
Si, P, C, №, (d) P, Si, N, С. [Ans : (c)] ПТ. ^87] 
11. The first ionisation potentials in electron volts of nitrogen and oxygen atoms are respectively given by 
(a) 14.6, 13.6, (b) 13.6, 14.6, (с) 13.6, 13.6 (d) 14.6, 14.6 [Ans : (a)] Т. '87] 
12. The first ionisation potential of Na, Mg, Al and Si are in the order (a) Na < Mg > Al < Si, 
(b) Na > Mg > Al > Si, (c) Na < Mg < Al > Si, (d) Na» Mg > Al < Si. [Ans. (a)] I.T. '88] 


13. The statements that are true for the long form periodic table are — 
(a) it reflects the sequence of filling the electrons in the order of sub-energy levels s, p, d and f, 
(b) it helps to predict the stable valency states of the elements, 
(с) it reflects trends in physical and chemical properties of elements, 
(d) it helps to predict the relative ionicity of the bond between any two elements.[Ans. (a)(e)(d)) (Ы.Т. '88] 
14, How many unpaired electrons are there in Ni? 2 (At по. of Ni is 28) (a) 0, (b) 2, (c) 4, (d) 8. 
[Ans. (b]] [LLT. '81] 
15. Which of the following species is peramagnetic? 
(a) Oz (b) CN (c) CO (d) NO [Ans. (аЛ (Ш.Т. '89] 
16. Amongst the following ions which one will exhibit strongest paramagnetism ? 
(a) [Ne] 35°3p43d3, (b) [Ne]3/3p53d5, (c) [Ne]3s?3p*3d?, (d) all equal. 
[Note : The paramagnetism becomes stronger with the increase of the number of unpaired electrons. ] 
[Ans. (Л 
17. The electronic configuration of the element which is just above the element with atomic number 43 
in the same periodic group is (a) [Ne] 3s?3p*3d*4s?, (b) [Ne] 3s?3p*3d 14s? 4р?, (с) [Ne] 393p d45, 
(d) [Ne] 35#3p*3d'°As14p’: Ans. (a)(c)] [M.LN.R. '92] 
18. The statement that is not correct for periodic classification of element is— 
(a) The properties of elements are periodic functions of their atomic numbers, 
(b) Non metallic elements are lesser in number than metallic elements. 
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(c) The first |. Р. along а period do not vary in regular manner with increase in atomic number. 


(d) For transition elements the d subshells are filled with electrons monotonically with the increase of atomic 
number. [Ans. (c]] (Ш.Т. "92] 


19. Which one of the following configurations represents a metallic character € 
(a) 2,8, 2; (b)2, 8, 4; (d 2, 8, 8; (d) 2,7. [Ans. (a)] 
20. Amongst Ni(CO)., [Ni(CN)4P- and мс” 
(a) М(СО,) ond. МС оге diamagnetic and [Ni(CN)4 is paramagnetic, 
(b) МС and [Ni(CN)4]* are diamagnetic and Ni(CO), is paramagnetic. 
(МСО), and [Ni(CN),J* are diamagnetic and МС is paramagnetic. 
(d) Ni(CO), is diamagnetic and NiCLZ and [Ni(CN)4" are paramagnetic. [Ans. (c]] (1.1.7. 91) 
Il. Fill up the blanks : 


1. The energy released when electron is added to a neutral gaseous atom is called of Ihe atom. 
1 ИАЛ. '82] 

2. Inert gases are 

3. On Pauling's electro-negalivity scale, the element next to fluorine is —  —— - [Roorkee '89] 


4. The number of transition elements in the periodic table is 
5. The amount of energy required to remove the most loosely bound electron from an atom is called its 


OXIDATION AND REDUCTION 


Introduction : k 

In volume one of this book we have discussed different types of chemical reactions e.g., synthesis, double 
decomposition, dismutation, redox reaction etc. By far the most important of all these reactions is oxidation’ 
reduction reaction, asit plays a significant role in analytical chemistry both in qualitative and quantitative analysis, . 
Thus the concept of oxidation and reduction can explain why-Zn can evolve hydrogen from dil. HSO, whereas 
Cu and Pb can not, Again although both KMnO4 and K;Cr;O; are both strong oxidising agents yet the former 
‘can evolve chlorine at room temperature when acted upon by conc. HCI but the later requires higher temperature 
to do so. These and allied questions can be easily handled by the concept of oxidation and reduction. Hence a 
detailed discussion on the concept of oxidation and reduction is given here. . 


4.1. Oxidation and reduction according to old concept. 


_ Long before the discovery of electron, the concept of oxidation and reduction was proposed 
on the basis of reaction of an element with oxygen and hydrogen. The classical definitions of 
oxidation and reduction are given here. 

ө Oxidation: ' Р 

Oxidation isa process which involves the addition of oxygen or any other electro-negative . 
element or radical to an element or a compound or the removal of hydrogen or any electro- 
positive element or radical from a compound. 


Oi 


radical. ` 
positive 

‘element 
or radical: 


Fig. 4.1 : 
Examples : Е 
1. (a) Addition of oxygen : Carbon dioxide is produced by the addition of oxygen with 
burning carbon. Here oxygen is added to carbon and hence carbon is said to be oxidised. 
C 4 O; = СО, (oxidised product) 
ы] 
oxidation 
(b) Addition of electro-negative element : When Cl, gas is passed into FeCl, solution at 
room temperature, the light green colour of FeCl; is converted into yellow coloured FeCl; 
solution. Here the electro-negative element chlorine is added to FeCl, which is oxidised to FeCl;. 
2FeCl; + Cl, = 2FeCl; (oxidised product) 
eS Sa н 


oxidation ` a 
2. (a) Removal of hydrogen : When MnO; is warmed with conc. HCl, greenish yellow Cl 
gas is liberated. f Гн d 
. oxidation 
MnO, + 4НСІ = MnCl, + Cl; + 2H;0 


(oxidised product) : 
Here hydrogen is removed from НСІ to form Cl. HCl is said to be oxidised. ` 
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(b) Removal of electro-positive element : H,O; reacts with KI to liberate 1 at room 
temperature to produce caustic potash and free iodine. Here KI is oxidised, as the electro- 
positive alkali metal potassium is removea from KI. 

r oxidation — ———3 
2KI + HO; = 2KOH + b 

ө Reduction : 

Reduction is the process which involves the addition of hydrogen or any other electro- 
positive element or radical to an element or a compound or the removal of oxygen or any 
electro-negative element or radical from a compound. 


Н; 
or electro- 
positive, 
|. element. 
or radical 


Fig. 4.2: 
Examples : 3 
1. (a) Addition of hydrogen : Hydrogen combines with bromine to form hydrogen 


brq@mide. 
Н, + Br; = 2HBr (Reduced Product) 
айр үй. 


Reduction 
Here bromine is reduced to HBr as it adds an atom of hydrogen. Д 
(b) Addition of electro-positive elements; Hydrogen peroxide reduces Ki[Fe(CN),] to 
K4[Fe(CN)4] in alkaline medium as the electro-positive element potassium is added to 
potassium ferricyanide to form potassium ferrocyanide. 


2K4[Fe(CN),] + 2KOH + H;O; = 2K4[Fe(CN);] + 2H;O + О; 
(зө Mus ws oua шу дэр лд 


Reduction 
- 2. (a) Removal of oxygen : When hydrogen gas is passed over hot cupric oxide it forms 
red metallic copper. Here oxygen is removed by hydrogen from CuO, hence СиО is reduced. 


CuO +H; = H;O + Cu (Reduced product) 
LI EES) 


Reduction 
(b) Removal of electro-negative element : When SO; gas is passed into yellow coloured 
ferric sulphate solution the later is converted to light green coloured ferrous sulphate. 
In this reaction there is a decrease of the proportion of electro-negative radical $04 from 
ferric sulphate. Hence ferric sulphate is reduced to ferrous sulphate. 


Fe(SO4, + SO: + 290 = 2FeSO, + 29,80, 
1 (Reduced 
Reduction product) 


Similarly the electro-negative element chlorine is removed from FeCl, to form ferrous 
chloride when HS gas is passed into it, hence FeCl, is reduced to FeCl. 
А Reduction 1 
2FeCh + HS = 2FeCh + 2НСІ + S 
[Reduced product) 


CH-II/10 
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4.2. Electronic concept of oxidation and reduction. 


The chemical behaviour of an element is controlled by the outermost electrons i.e., valency 
electrons which take part in all chemical reactions. A chemical compound is formed by the 
exchange or transfer of the outermost electron to form chemical compound. An atom is 
electrically neutral but the loss or gain of electron(s) by the atom makes it either positively 
charged or negatively charged ion. Oxidation-reduction reaction i.e., redox reaction is also the 
manifestation of the outermost electrons from an atom. 


© Oxidation : Oxidation is a process where an atom or ion loses electron (s) i.e., 
oxidation involves loss of electron(s). 


Examples : 


(1) When atoms like Na, K, Al etc., lose electron(s) and are converted into their corres- 
ponding cations, these atoms are said to be oxidised as they lose electron(s). 


Na-e > Nar, Ca-2e > Ca", Al-3e — Al 


(2) Ions like Ее", Sn**, Cu*, Pb** etc., are oxidised into their corresponding higher valent 
Fe?*, Sn**, Cu?*, РЬ“ ions by the loss of electron(s). . 


Ее" - e — Ее” Cut - e 4 Си" 
Sn" - 2e 4 Sn* Pb* - 2e 4 Pb“ 


(3) Anions like chloride, bromide, sulphide etc., lose electron(s) and are oxidised into the 
corresponding atoms by the loss of electron(s). 


2С1-- 2е — Ch 2Br--2e — Br 
S*-2e > S 
A close scrutiny of the above equations suggests that during oxidation, 
(a) The atom of a metal is converted to its cation. 
(b) A lower valent (ous) cation is converted to higher valent (ic) cation. 
(c) Non metallic anion is converted into neutral non metallic element. 


ө Reduction : Reduction is a process in which an atom or ion gains electron(s). 


Thus whenever an atom or an ion gains electron(s) we conclude that the atom or the ion 
is reduced. 


Examples : 


(1) Metallic ions like АР", Fe?*, Cu** etc., are reduced into the corresponding metals by 
the gain of electrons. 


A+ + Зе — Al Ее?* + Зе 4 Fe Cu + 2е — Cu 


(2) Some higher valent (ic) ions are reduced into their lower valent (ous) ions by gaining 
electron(s). 


Fe*++e 4 Бе? Cut +e — Cut Sn** 42e 4 Sn* 
(3) Atoms of non-metallic elements like chlorine, sulphur, oxygen etc., are converted 
into their corresponding anions by gaining electron(s). 
Cl+e > CI S+2e э S> ‚О+2е 2 OF 
Thus the above examples demonstrate that whenever reduction occurs, 
(a) Atoms of non metallic elements are converted into their corresponding anions. 
(b) A higher valent (ic) cation is reduced to lower valent (ous) cation. 
(c) Metallic cation is converted into neutral metallic element. 
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4.3. Oxidising and reducing agents according to old concept. 


An oxidising agent or an oxidant oxidises a species and itself is reduced while a reducing 


agent or reductant reduces a species and is itself oxidised. 
When Н is passed through dil. HNO;, 


2HNO; + HS = 2H,0 + 2NO; + S L 


Here HNO; oxidises HoS into 5 
Hence HNO; is an oxidising agent. 
and is itself oxidised to sulphur. 


sulphur is precipited. 


and itself is reduced to NO; with the removal of oxygen. 
Since HS reduces HNO; into NO», it is a reducing agent 


The following two tables show the examples of a number of oxidising and reducing agents 


+790 


(i) Gaseous :[- H2 CuO + H = Cu + НО 
"| so 50, + Вг; + 20 = HoSO, + 2HBr 
HS HS += 291+ 5 
Lco PbO + CO = Pb + CO2 
(ii) Liquid : [7 HNO2 HNO, + Brz + HO = 2HBr + HNO: 
HBr H;SO, + 2HBr = Вг; SO; + 2H0 
L HI HرSO,‎ + 2HI = lz + SO; + 290 
(iii) Solid: Г С Fe;O; + ЗС = 2Fe + 3co 
Al FeO; + 2Al = АО; + 2Fe 


SnCl, + 2HgCh = Ha2Ch + SnCla 


commonly encountered in chemistry. 
Oxidising agent Examples of oxidation Species oxidised 
(i) Gaseous : O2 С+О»=СО; C is oxidised to СО; 
Оз PbS + 403 = РЬ$О, + 402 PbS is oxidised to PbSO, 
F2 KClO; + НО + F2 = KClO, + 2HF КАО) is oxidised to KClO, 
сь HS + Ch = 2HCl« S HS is oxidised to S 
| МО» 2KI + МО; + ЊО = 2KOH + NO +h Kl is oxidised to l2 
(ii) Liquid: | H202 PbS + AHO; = PbSO, + 4H;O PbS is oxidised to PbSO, 
HNO; С + АНМО; = СО; + 4NO2 + 290 C is oxidised to СО; 
Bro H2S + Вг; = 2HBr + S H;S is oxidised to 5 
L Conc H:SO4 | S+ 2H,SO, = 350, + 2H20 S is oxidised to 502 
(iii) Solid: | KMnO; 2KMnO, + 5502 + 290 = K;SO, + $О; is oxidised to H,SO, 
2MnSO, + 292504 
MnO MnO, + АНС = MnClz + Cl + 29:0 НСІ is oxidised to Cla 
K2Cr207 к;Сг;О; + ТАНА! = 2KCl + 2CrCla + 3cl, | HCI is oxidised to Cl 


ee Ae en LY Na NE 
bi SO tet Бри eae ete el aca „| | 
Species reduced 


Reducing agent Examples of reduction pec 
CuO is reduced to Cu 


Br; is reduced to HBr 

Iz is reduced to HI 

PbO is reduced to РЬ 

Br; is reduced to НВг 
HSO; is reduced to 502 * 
HSO; is reduced to 502 
FeO; is reduced to Fe 
FeO; is reduced to Fe 
HgCl is reduced to Hg:Cl2 
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4.4. Oxidising and reducing agents according to electronic concept. 

(1) Oxidising agents : According 1o the electronic concept in a redox reaction, the 
species which captures electron(s) and undergoes reduction is called an oxidant or oxidising 
agent. 

Addition of electron denotes reduction. Hence in a redox reaction an oxidising agent 
gains electron(s) and is reduced. Strong oxidising agents have a pronounced tendency to 
capture electron(s). Hence all strong oxidising agents must have high electro-negativity. 
In fact, as the electro-negativity of an atom increases, its oxidising power also 
increases. 

(2) Reducing agents : /п a redox reaction, the species which loses electron(s) and 
undergoes oxidation is called a reductant or a reducing agent. 

Since loss of electron. denotes oxidation we can conclude that a reducing agent loses 
electron(s) and is oxidised or in other words all reducing agents are electron donor in contrast 
to oxidants which are electron acceptor. A strong reducing agent gives up electron easily while 
a weak reducing agent gives up electron reluctantly. All electro-positive elements have 
reducing property. Thus all elements having low ionisation energy must be strong reductants. 
Since the ionisation energy of alkali metals are low, they are frequently employed as reducing 
agents in the finely divided state. 

The electronic concept of oxidant and reductant is shown by the following schematic 
diagram ;— 

In this diagram ‘A’ transfers its outermost 
electron to ‘B’ which accepts it. Unless B does 
not come in contact with ‘A’ the latter would 
not have oxidised. Hence 'B' captures elec- 
tron from “А” and helps in the oxidation of ‘A’. ° 
Consequently ‘B’ is an oxidising agent or 
| oxidant. Larger the affinity for the electron(s), 


Reductant 


| stronger is its oxidising power. Hence all 
electro-negative elements are oxidants. Of 

all the elements fluorine is the strongest 

oxidising agent since it has small size and 

hence strong affinity for the electron and is 

the strongest electro-negative element. It can 


Oxidised A ‹ ReducedB even oxidise oxygen by gaining two electrons 
Fig. 4.3: from it. 


О - 2e = O" (Oxidised) 
2F + 2e = 2F (Reduced) 


Again, in the above diagram ‘A’ gives up its outermost electron to B which is reduced 
by capturing the electron left by ‘A’. ‘A’ thus helps in the reduction of B. Thus, ‘A’ is a 
reducing agent. Hence the extent of electron donation ability is a measure of the strength 
of a reductant. A strong reducing agent must have comparatively large size, less affinity for 
the electron, high tendency to give up electron, low ionisation energy and high electro- 
positivity. 
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Metals, specially the alkali metals are strong reducing agents. Of the alkali metals Rb and 
Cs are the two most strong reducing agents. Both of them possess all the above qualities. 


Rb - е ә Rb’ (Oxidised) 
H +e a (Reduced) 


Strong oxidising agents are able to removeelectron(s) from many reducing agents including 
weak reducing agents which yield electron reluctantly. Consequently weak oxidising agents 
can oxidise only the strong reducing agents which give up electrons easily. 


4.5. Oxidation and reduction occurs simultaneously. 

In every redox reaction both the oxidant and the reductant occur together, because the 
electron(s) lost by the reducing agent must be accepted by the oxidising agent. The main 
principle of all redox reactions is that an oxidising agent oxidises a species when it itself is 
reduced. On the other hand a reducing agent reduces a species when it itself is oxidised. Thus 
the processes of ‘oxidation and reduction must go on together. Such reactions are referred to as 


redox reactions. Only oxidation or only reduction reaction being hypothetical, is never found 


in chemistry. lauren 
+e lon) 


REE) = i Hb donate 
-е (Oxidation) 
The following reactions are illustrative. 
(1) When Cl; gas is passed into FeCl, solution, the colour of the latter changes from light- 


green to yellow. -2e (Oxidation) 
2FeCh + Cb ——— — —* 2FeCh 


42e (Reduction) 

Here Fe** ion loses an electron and is oxidised to Fe” while the electron left by Fe** is 
captured by chlorine atom which is reduced to chloride (CI) ion. Here Fe** ion is a reductant 
as it loses electron while CI is an oxidant as it gains electron. 

Ionically : oper A ior» 2Fe*** (Oxidation) 
Ca ee 2C (Reduction) 
Adding : 2Fe" + Ch —> 2Fe* + 2СГ 

(2) When stannous chloride solution is added to mercuric chloride solution, а white 
precipitate of mercurous chloride is obtained. Here HgCl, is reduced to Hg;Cl; while SnCl;is 
at the same time oxidised to SnCl,. 

2HgCl; + SnCh = Hg,Ch + SnCl, 
Ionically : -2e (Oxidation) 
Sn** + 2Hg" ——J»Sn''* + 2Нр' 
4 
42e (Reduction) 
ба а= 26 Sn'*** (Oxidation) 


2Hg*4 2e э 2Hg (Reduction) 
Adding : Sn‘? + 2Hg' > Эл" + 2Hg* 
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(3) When Zn dust is added to CuSO, solution, Zn slowly dissolves to form ZnSO, while 
red metallic copper is precipitated. 
Zn + CuSO, = Cul + ZnSO, . 
+2e (Reduction) 


Пр 7 тү 
Zn + Cutt —» Zn* + Cu 


-2e (Oxidation) 
Zn atom loses two electrons and hence it is oxidised to Zn**. Cut? gains the two electrons 
left by Zn to form metallic copper. Hence Cu* is reduced to Cu. 
Tonically : Zn -2e ——> Zn* (Oxidation) 
Cutt 2e —> Cu (Reduction) 
Adding : Zn + Син — Zn + Cul 
Thus it may be concluded that an oxidation reaction can not take place without reduction 
reaction, generally it can be expressed as, 
Ox, + ne = Red, (Reduction) 
Red, – пе => Ох, (Oxidation) 
Adding : Ox, + Red; == Red, + Ox, 
Red, is called conjugate reductant of Ox, similarly Ox; is called conjugate oxidant of Red). 
All redox reactions are the manifestation of the above general expression. 
2Fe** + Sn** = 2Fe** + Sni 


T £ ji T 
(Ох) (Red) (Redi) (Ox) 

Hence it may be concluded that oxidation and reduction take place simultaneously. 

@ Relation between old and new concept of oxidation and reduction : 

Frankly speaking there is no difference between old and new concept regarding the redox 
process except in language. According to old concept oxidation involves addition of oxygen 
or any electro-negative species or removal of hydrogen or any other electro-positive species, 
while reduction is the reverse of the above. In the electronic concept, oxidation involves the loss 
of electron(s) while reduction means gain of electron(s). Both the two ideas emphasize that 
oxidation and reduction reactions take place simultaneously. 

We know that oxygen or any other electro-negative element has higher affinity for the 
electron. Hence when oxygen or any other electro-negative element is added to a species, the 
electro-negative element captures electron(s) from the species and the species is oxidised 
since the species loses electron(s). On the other hand, the electro-negative element after gaining 
the electron(s) becomes negatively charged and hence is reduced. Again hydrogen or any 
other electro-positive element has higher tendency to give up electron. Therefore, addition of 
hydrogen or electro-positive elements indicates, the loss of electron(s) which is taken up by 
the other species which is thus reduced (Reduction). The following two examples will clarify 
the identity of both the two ideas about oxidation and reduction. 

(i) Oxidation 

[ Loss of 2 electrons | 
by each of Cu atom 
——————* 
2Cu + О; HERES 2CuO 
Gain of two electrons 
by each of O atom 
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Ionically : Cu - 2e —» Cu** (Oxidation) 

А О + 2е > O-? (Reduction) 
Adding : Cu + O > Cu ОР 
or, 2Cu + О, —> 2CuO 

(ii) According te old concept in the equation 2FeCl; + Cl; = 2FeCl;, oxidation of FeCl, 
takes places as it combines with electro-negative element chlorine to form FeCl, while chlorine 
is reduced as it combines with electro-positive element i.e., Fe. 

According to electronic concept, the equation can be expressed ionically as, 

Oxidation 
Loss of 1 electron by 1 Fe atom 
ЖЕР Сре 2ct* 
Reduction 
Gain of 1 electron by each Cl atom. 

Fett — e —— Ее?" (Oxidation) 

Cl +e —— Cl. (Reduction) 

Fett 4 CI —3 Fett Сї 

or, 2Fe* + Ch — 2Fe'*t + 2Ck or, 2FeCl; + Cl; ——> 2FeCls 

@ Exceptions : In certain cases different results are observed between old and new 
concepts of oxidation and reduction. Differences between old and new concepts are noted 
in the following cases. 

(i) In the formation of salt like metallic hydrides e.g., sodium hydride, according to old 
concept of oxidation and reduction, since hydrogen is added to Na, itis an example of reduction 
of sodium i.e., sodium is reduced to sodium hydride. But according to the electronic concept 
of oxidation and reduction it is an example of oxidation of sodium. Since Na is much more 
electro-positive than hydrogen, sodium atom loses one clectron to form Na* while the electron 
left by Na is taken up by H atom to form H- (hydride ion). Here hydrogen is an oxidant as it 
captures electron and sodium is a reductant as it gives up electron. 

Na — е — Nat (oxidation) H +e — Н (Reduction) 
Na +H — М'Н” 
Gain of 1 e by H atom, Red. of H; 
lig oat 39 2795 aT Oy 


2Na + pase 2NaH 


Loss of 1 e by Na atom, oxidation of No 
(ii) Fluorine reacts with oxygen to form fluorine monoxide 2Fe; + О; = 280 
According to old concept Fz is oxidised to FO as oxygen is added to it. But fluorine being 
more electro-negative than oxygen, gains electron and is reduced while oxygen gives up 
electron and is oxidised. Here fluorine is an oxidant as it captures electron while oxygen is a 
reductant as it gives up electrons. 
2F + 2e —> 2F- (Reduction) 
O -2e —> O* (Oxidation) 
Adding : 2F + 0O —> 2F O" = FO 
Loss of electron i.e., ox. of oxygen 


2F; * о —————c EO 


Gain of electron i.e., reduction of fluorine 
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4.6. Oxidation state and oxidation number. 

In the foregoing discussions of redox process, oxidation and reduction are defined in terms 
of loss or gain of electrons. But such definition of redox reaction can not be regarded as 
universal as it is applicable only in case of ionic compounds but is not applicable in those cases 
where direct transfer of electron(s) does not take place. Thus, the burning of carbon in oxygen 
or reaction between Н; and СІ, which are typical redox reactions, can not be explained by 
electronic approach. Moreover, the vast number of organic reactions which are typical covalent 

in nature can not come under the definition of ‘loss or gain of electrons’. 

In order to overcome this difficulty, O. C. Johnson (1880) introduced a new concept of 
oxidation number or oxidation state and defined oxidation and reduction in terms of this new 
concept. А 

Electrovalent compounds : Ап atom is converted to its ion either by losing or by gaining 
electron(s). When an atom loses electrons, it suffers oxidation with the formation of positive 
ion or cation. On the otherhand when an atom gains one or more electrons, it suffers reduction 
with the formation of negative ion or anion. 

(i) The positive ion of an element is called the positive oxidation state of the element. 

(ii) The negative ion of an element is called the negative oxidation state of the element. 

(iii) The element in its free state is said to be in zero oxidation state. 

The oxidation number of an element in a compound can be determined by the number of 
electrons gained or lost by the atom of that element in the formation of that compound. Thus, 
the oxidation number of an element indicates the oxidation state of an element in a particular 
compound. 

For example, in the formation of ferric, chloride, one atom of iron loses 3 electrons and thus 
oxidised to form Fe?* ion. On the other hand, the electrons thus left by Fe atom are taken up by 
three atoms of chlorine and thus reduced to form 3 CI- ions. Hence, in the compound FeCl; the 
oxidation number of Fe is +3 and that of chlorine is —1. 

Covalent compounds : Though, during the formation of a covalent compound direct 
transfer of electrons does not take place between the atoms forming the compound, the concept 
of oxidation number can also be applied in case of covalent compounds. Let us consider the case 
of a covalent molecule, say A—B consisting of two different atoms А and В. To include such 
formation of covalent compounds, it has been assumed that, the more electro-negative atom say 
A will have a larger share of the bonding electrons pair. А-В — Аё B®. 


Thus 5* and & are the formal charges or the oxidation numbers. Thus atom A will have a 
negative oxidation number —1 while B will have positive oxidation number +1. Thus їп a binary 
compound, the more electro-negative element will have negative oxidation number while the 
less electro-negative one will have positive oxidation number. 

For example, inacovalent compound carbon tetrachloride ССІ,, the 4 Cl atoms are bonded 
covalently with a carbon atom. Since Cl atom is more electro-negative than carbon, each of the 
four electron pairs involved in the formation of 4 covalent bonds, are assumed to lie with each 
of the four Cl atoms. Thus in such case, carbon will have a positive oxidation number +4 and 
each Cl atom will have a negative oxidation number —1. In HF molecule fluorine is assigned 
an oxidation number –1 while hydrogen an oxidation number +1. In a true sense, oxidation 
number is a measure of the electron control that an atom has in a compound, compared to the 
atoms in the pure element. Hence it can be fairly concluded that oxidation number of an element 
in а particular compound, is the formal charge either positive or negative, which can be 
assigned to the element assuming the compound to be fully ionic. The assignment of formal 
charge i.e., oxidation number to an element in a compound is, therefore, some what arbitrary. 
O. C. Johnson, however, defined oxidation number from a different point of view, which is as 
follows— Oxidation number of an element in a particular compound indicates the amount of 
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oxidation or reduction required to convert one atom of the element from the free state into that 
in the compound. If oxidation is necessary to affect the change, the oxidation number will be 
positive; if reduction is necessary, then the oxidation number will be negative. 

ө Oxidation and reduction in terms of oxidation number : 

Although the concept of oxidation number is purely arbitrary in nature, oxidation and 
reduction processes can be very conveniently defined by this concept. According to the concept 
of oxidation number, (i) oxidation is a process in which the oxidation number of any element 
is increased, while in reduction the oxidation number of the element is decreased. 

(ii) The oxidation number of oxidising agent is decreased while it is increased for a 
reducing agent in a redox process. 

(iii) A reagent that can increase the oxidation number of an atom or ion is called an 
oxidant while a reagent that can bring about decrease of oxidation number of an atom or 
ion is called a reductant. 

* Examples : (i) When Mg burns in oxygen it forms MgO. 
2Mg + O; = 2MgO 

Here before the reaction i.e; in the elemental or free state, the oxidation number of Mg was 
zero, while in the compound MgO its oxidation number is +2. Since oxidation number of Mg 
is increased, Mg is said to be oxidised. Similarly before the reaction the oxidation number of 
oxygen was zero but in MgO it is -2 i.e., the oxidation number of oxygen is decreased. There 
fore, oxygen is said to be reduced in this reaction. 

Increase of oxidation number 
| by 2 units : oxidation | 
0 0 +2 -2 
2Mg + О, = 2MgO 
Decrease of oxidation 
number by 2 units : reduction 


(ii) The reaction between Cu and conc, HNO; leading to the formation of МО; is another 


example of redox reaction 
0 +5 


+2 + 
Cu + 4HNO; = Cu(NO;), + 230, + 2Н;О 

The oxidation number of Cu atom before the reaction was zero. It becomes +2 in Cu(NO;)). 
Непсе Cu is said to be oxidised as its oxidation number is increased. Similarly in HNO», the 
oxidation number of nitrogen is +5 which is reduced to 44 in NO. Hence HNO; is reduced. 
Since this reduction of oxidation number of N in HNO; is brought about by Cu, itis areducing 
agent. On the other hand, HNO; helps in the increase of oxidation number of Cu. Hence HNO, 
acts as an oxidising agent. 


Increase of O.N of Cu by 2 units : oxidation 


0 +5 42 ES 
Cu + 4HNO; - СуМОз)  2NO; + 290 


ПИ ЕЗИ. 
Decrease of О.М of N by 1 unit : Reduction 


Gii) If the constituent elements of the reactant(s) do not undergo any change in their 
oxidation numbers, the reaction does not belong to redox reaction. A neutralisation process 
is not a redox reaction because there is no change in the oxidation number of any of the 
constituent elements of the acid and the base, i.e., thc oxidation numbers of all elements remain 


unchanged. 
+l -l +i -2 + „М +1 -2 


HCI + NaOH = NaCl + H;O 
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€ Rules for fixing oxidation number of an element : 

The following are rules applied to determine the oxidation number of an element in its 
compounds. f m A 

(1) The oxidation number of an element in the free state is always zero(0) e.g., Na, Hp, Clo, Fe. 


1 


+1 
(2) The oxidation number of hydrogen is always +1, e.g., НСІ, Н;О etc. In ionic hydrides, 


- 
the oxidation number of hydrogen is —1, e.g., ТАН, NaH, Сан, etc. 
(3) The oxidation number of oxygen is normally —2, except in peroxide where it is —1 e.g., 


E د‎ +2 +1 
Нн›;О›, BaO, etc. The oxidation number of oxygen is positive in F,O and in Е.О». 

(4) The oxidation number of a metal is usually positive and is equal to its valency, except 
in GeH, where oxidation number of Ge is -4 or in Na[Co(CO);] where Co is in –1 state. 

(5) The oxidation number of a radical or an ion is that of its electrovalency with the 
correct sign attached i.e., it is equal to its electrical charge e.g., the O.N of SOF is =2. 

(6) The oxidation number of a compound is zero and is obtained by adding the oxidation numbers 
of the individual atoms each multiplied by the number of atoms of the element in one molecule. 

(7) The oxidation number of any element in a compound of uncertain structure may be 
calculated from the reasonable assignment of oxidation numbers to the other elements in the 
compound as shown above. 

€ Maximum and minimum oxidation number of an element : 

Each element in the periodic table must have a maximum and a minimum oxidation 
numbers which they may or may not attain in the formation of compounds. 

The maximum oxidation number of an element is indicated by its position in the group of 
the periodic table or the total number of electrons in the outermost shell of the atom. 

The minimum oxidation number of an element is denoted by the number of unpaired electrons 
either in the ground state or in its excited state. The minimum oxidation number of a metal is 
normally zero while for a non-metal it is equal to group number minus eight (group No —8). 

Examples : The maximum and minimum oxidation number of nitrogen is +5 and —3 
respectively. 

The electronic configuration of N= 15?25?2p,! 2р,! 2р,! i.e., the total number of electrons 
in the outermost shell of nitrogen atom is 5 hence its maximum O.N. is +5. Again nitrogen 
belongs to group V of the periodic table. In the atomic state nitrogen contains 3 unpaired 
electrons, hence the minimum oxidation number of nitrogen is —3, or (group number —8) = 
5 > 8 = - 3 i.e., nitrogen has minimum oxidation number (= 3). 

Maximum and minimum oxidation no. of some of the elements are shown below : 


Elements Maximum Oxidation Number Minimum Oxidation Number 
(group No. - 8) 
Sulphur $ +6 -2 
Phosphorous P +5 =3 
Nitrogen N +5 -3 
Chlorine а +7 =| 
Carbon с +4 -4 
Boron Baek +3 -5 
Sodium No +1 0 
lodine 1 +7 -1 
Bromine ' Br +7 =] 
Magnesium Mg +2 0 
Aluminium Al +3 0 
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e Variable oxidation number : Some elements— metals or non metals are able to exist in several positive 
and negative oxidation states e.g. 


Oxidation Nos. of C 


Oxidation Nos. of N 


CH. CH, | CH; снр | CO со; 


Oxidation Nos. of S. 


icc ar E 
Мн, мо; 


Oxidation Nos. of Cl NaCl 
42 
Oxidation Nos. of Mn 
Oxidation Nos. of P. 
e In finding out the oxidation number of an element in a particular compound, the 
following informations should be kept in mind. 
State of the atom Assigned O.N. Examples 
0 0 0 0 
1| Elements in the uncombined or free state MEA Ha О, S, Na 
1 +i +1 
2 | Elements of group IA when form compounds NoNO;, K;SO, Na,CO; 
+2 m 
3 | Elements of group IIA forming compounds CaCl, MgF; 
1+} m 
4 | The ON. of hydrogen excep! in saline hydrides HO, H,SO, NaHCO, 
E 4 
5 | ON of hydrogen in saline hydrides а NaH, Сон; 
` e01 ~~ 
6 | ON. of fluorine in its compounds m NF, Cof» РО 
“тз 2 -2 2 
7 | ON. of Oxygen except in peroxide and HO, CO, CO 
in fluoride 
л л E 
8 | ON. of oxygen in peroxide HO, №;Оз, BoO; 
4 € 
9 | ON. of oxygen in fluoride FO, FO: 
Ew X. i-e d 
10 | ON. of an ion Equal to its Cf, SOs" CO; Рен", Кө” 
electrical charge 
a - -1 
11 | ON. of chlorine except in ils oxide and fluoride MgCl, AlCl, HCl 


4.7. Method of finding out the oxidation number of an element in a compound. 
For convenience we shall denote the oxidation number as O.N. 


(1) О.М. of P in НРО. 
Let the О.М. of P in HPO, 


be x. The sum of O.N. of the elements in HPO, = 3 x 1+х+4(-2] = х= 5 


Since the sum of the О.М. of the elements іп a compound is 0 


^ S50) 


or, х=+5 


„ ON. of P in НРО; is +5. 
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(2) О.М. of Cl in KCIO,. 
Let the О.М. of Cl in КСО, be x 
The sum of O.N. of the elements in КСО; = 1 x 1 +x + 4(-2) =x -7 
Since the sum of the O.N. of the elements in a compound is O 

no x-7=0 or, х=+7 2 the O.N. of Cl in КСО, is +7. 
(3) О.М. of O in F;O. 
Let the O.N. of O in FJO bex 

1 The sum of О.М. of the elements in FO = 2 x (-1) + x 2x- 2 
Since sum of ће О.М. of the elements in a compound is 0 
x-2=0 ог, х=2 2. The O.N. of O in FO is +2. 

(4) О.М. of Cr in CrO, 7. 

Let the О.М, of Cr in CrO; ^ be x > 

The sum of O.N. of the elements їп СОЛ = x  4(-2) = x - 8 

The sum of O.N. of ће atoms in CrO; = The charge =- 2 
х-8=-2 of, x=6 * ON. of Cr in СТОЛ +6. 

(5) О.М. of C in C;H,. 

Let the O.N. of C in CH, be x 

Sum of O.N. of the atoms in CH, = 2x + 4x 1 = 2r 4 

Since sum of the О.М. of the atoms in a compound is O 

2x «420 or, 2x 2-4 or, xz-2. ^ ON. of C in CH, is -2 
(6) О.М. of S in H,5;0s. © 


D 
The structure of H;S;Os is Pos oon 


o o 

If contains one peroxo link where О.М. of each oxygen is -1. The O.N. of the rest oxygen is +2 
Let the О.М. of S in НО, be x 

2x 1 + 2c + 2(-1) + 6-2) = 2x - 12 
Since sum of the О.М. of the atoms in a compound is 0 
ог, 2x-1220 х=+6 2 О.М. of each 5 in Н;5;Ов is +6 
(7) О.М. of Mn in МпО/. 
Let the О.М. of Mn in MnO," be x 
Sum of O.N. of the atoms in MnO, = x + 4(-2) = х - 8 
Again sum of О.М. of the atoms in the ion = Its charge 
or, x-82-1 x247 2 О.М. of Mn in MnOy is +7 
(8) О.М. of S in H;SO;. 


І 
The structure of H2SOs is HO—8—0—OH 


O 
It contains one peroxo link where each oxygen atom is in -1 oxidation state. The oxidation number of 
rest O atoms is as usual -2 


Let the O.N. of S in H250; be x 
sum of ON. 22x 1 +x + 2(-1) + 3x (-2) 2x -6 
or, x-6=0 or, x=6 .._ the O.N. of S in HSO, is +6 
(9) О.М. of Cr in C07". 
Let the C М. of Cr in CO; ^ be x 
Sum of + О.М. of the atoms in СО; ^ = 2x + 7(-2) = 2x 14 
The charge af СО; is - 2 
2x-14=-2 or, 2х=12 ог, х=б 
Hence each Cr in CrjO; 7 ion is in +6 oxidation state. 
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(10) О.М. of C in C/Hi;0,. 
Let the O.N. of C in CjHi2O, be x 
^. Sum of the О.М. of the atoms in CHO; = бх + 12 + 6-2) = óx 
Since the sum of the O.N. of the atoms in the compound = 0 
^ 6c=0 ог, x=0 ^. The O.N. of C in C4Hi2O, is O 
(11) О.М. of C in CH;COCH;- 
Let the О.М. of each C in CH;COCH; is х 
Sum of the О.М. of the atoms in СН:СОСН; = Зх + 6(1) + 1(-2) = 3x + 4 
or, 3x+4=0 or, х=- 4/3 О.М. of each carbon іп CH3COCHS is = 4/3 
(12) О.М. of Mn in K;MnO,. 
Let the O.N. of Mn in KMnO, is x 
Sum of the O.N. of the atoms in KMnO; = 2 x 1 + x + 4(-2) = x - 6 
or x-6=0 or, x=6 ^. OIN. of Mn is KMnO, is +6. 


The oxidation number of all the elements in some compounds are tabulated below : 


HO; 
Сон; 
CHCl, 
Ba(MnO,)2 
М№а;5,0; 
KMnO, 
ҺР;О; 
со 
Naj;feO, 


4.8. Oxidation number and valency. 
Oxidation number and valency of an element appears to be identical but a close scrutiny 
reveals that there are a number of differences between these two. 


. Valency of af element is defined as its 
combining capacity and is measured by the 
number ki годеп atom with which one 
atom of the element can combine or replace 
from a compound. No charge either positive 
or negative is assigned to it. 


. It is real and can be experimentally 
determined. 

. Except for noble gases, valency can never 
be zero. 


. Itis always whole number. 


. Most the elements have fixed valency 
(Transitionl elements have variable valencies 
and some representative elements e.g., P, 
As, etc., may have variable valencies. 


. Valency of the elements changes during 
redox reaction. 


. Oxidation Number is the formal charge 


assigned to the element in а particular 
compound due to partial redistribution of 
bonded electrons and is measured by the 
difference of el tivity between the 
banded atoms. O.N. of an element may be 
positive, negative, fractional and zero. 


. lt is purely arbitrary and hypothetical. 
. It may be zero. 
. It may be fractional e.g., O.N. of C in 


CH;COCH, is -4/3. 


. Some elements may have different oxidation 


numbers in different compounds e.g ON. 
of Sin HS, SO, SOs. 


. Oxidation number of the elements also 


changes during redox reaction. 
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The valency and oxidation number of the same element change according to the redox 
reaction in which it takes part e.g., ferric chloride reacts with stannous chloride when FeCl; is 
reduced to FeCl, and SnCl, is oxidised to SnCly. 

Oxidation 
2FeCl, + SnCl = 2FeCl + SnCl, 
Ue E 
Reduction 

The charge of Fe% ion in FeCl, is +3. As Fe atom loses 3 electrons in the formation of FeCl; 
molecule, the O.N, of Fe in FeCl; is +3 and electrovalency of Fe in FeCl; is 3. 

After the reaction FeCl, is formed. The charge of Fett ion in FeCl, is +2. As Fe atom 
loses 2 electrons during the formation of FeCl, the O.N of Fe in FeCl is +2 and its valency 
is 2. 

Similarly before the reaction the charge of Sn** in SnCl; was +2 and valency 2. 

But after the reaction SnCl, is formed and the charge of Sn** is + 4 and valency is 4. 

It must be borne in mind that, valency and oxidation number of an element may not 
necessarily be the same. Thus valency of carbon in CH4, CH;Cl, СН;С1›, CHCl; and ССІ, is 


4 as four electrons participate іп the covalent bond formation, but the O.N. of carbon in these 
compounds are — 4, —2, 0, + 2 and + 4 respectively. 


4.9. To find out which substance is oxidised and which one is reduced in 
a redox reaction with the help of oxidation number. 


According to the concept of oxidation number, oxidation is a chemical change in which 
there is an increase of oxidation number of an element. Similarly reduction is a chemical 
change where there is a decrease in the oxidation number of the element. Again oxidising 
agent is a substance whose oxidation number is decreased, while reducing agent is a substance 
whose oxidation number is increased or in other words, increase of oxidation number = 
oxidation and decrease of oxidation number = reduction. Let us apply this idea in the 
following reactions : 


+6 -2 +4 0 
(1) K;Cr,O; + 3H;S + 4H;SO, = K;SO, + Сг;($О,); + 35 + 7H;0 


Decrease of O.N. of Cr atom = [+3 =(+6)] 2—3. As the O.N. of Cr atom has been decreased 
from +6 to +3 so Cr in the above reaction in reduced. 


Increase of O.N. of S=0—(—2)=+2. AstheO.N of S in the above reaction has been increased 
from —2 to 0, hence $ in the above reaction is oxidised. 
42 E + 
(2) 2CuSO, + "mi = 2Cul + L +2K,SO, 
Here increase of oxidation number of I = 0 — (-1) = +1 
So the iodide ion is oxidised to iodine. 
Decrease in O.N. of Cu = 41 – (42) = -Ï 
Cu is reduced from +2 state to +1 state. 
0 +l +2 0 
(3) Mg + H,SO, = MgSO, + Н, 


Here Mg is oxidised to MgSO, as the O.N. of Mg is increased by (+2—0) = 2 units. On the 
other hand hydrogen is reduced from +1 state in H;SO, to 0 state in H2. 


Oxidation 
р - Y 
(4) SECO = | 2KCl. + 30, 
(uere. Ko GN 


Reduction 
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Clearly the above reaction is an example of redox reaction as Cl in +5 state in КСІО, is’ 
reduced to- I state in KCl as its О.М. is decreased by 6 units. Again oxygen in —2 state in KCIO; 
is oxidised to 0 oxidation state in O; as the O.N. of it is increased by 2 units. 

It is to be noted that if the oxidation numbers of the participating atoms do not change in a reaction, that 
reaction can not be classified as redox reaction as the following reactions indicate. 


+l- 41-241 ات ام‎ 41-2 42-2. 146-2 4246-2 41-2 
HCI + NaOH = NaCl + HO ZnO + H250; = ZnSO, + НО 
4.10. Rules for balancing chemical equations by oxidation number method. 

The following five rules guide us to balance a redox reaction by oxidation number method. 

(a) At first write down a skeleton equation which includes those reactants and products 
containing the elements that suffer a change in oxidation numbers. 

(b) Determine the decrease in the oxidation number of the element in the oxidising agent. 
The number of electron(s) gained will be equal to this decrease in oxidation number, 

(с) Similarly determine the increase in the oxidation number of the element in the reducing 
agent. The number of electron(s) lost will be equal to this increase in oxidation number. 

(d) Now multiply each of the above two, by and numbers as to make the total number 
of electron(s) lost by the reducing agent equal to the number of electron(s) gained by the 
oxidising agent. 

(e) Rest part of the equation i.e., the part which suffers no change in oxidation number is 
balanced by trial and hit method. 


Examples : Decrease of O.N. by 3 units 
+5 -2 a 0 
(1) HNO; + HS —— NO + S + ЊО 


Increase of O.N. by 2 units 


In this equation, the decrease іп O.N. of N atom = [+ 2 - (+5)) 2-3 
the increase in O.N. of S atom = [0 - (-2)] =+2 
It is observed that, to equalise the increase and decrease in oxidation numbers of sulphur 
and nitrogen, 2 atoms of N and 3 atoms of S arc required. 
2HNO; + 3Н,5 — 2NO + 35 + х HO 
Ву inspection х = 4. Hence the balanced equation is— 
2HNO;+3H,S = 2NO+3S +4H,0 
Increase of O.N. by 1 unit 
+7 = 0 


"m 
(2) KMnO, + KCl + HSO, ——» MnSO, + KSO, + Ch + ЊО 


Decrease of O.N. by 5 units 
Here the decrease in O.N. of Mn atom = [42 - (+7)) 2-5 
the increase in O.N. of Cl atom =[0-(-1)] =+1 
Now, in order to equalise the increase and decrease in oxidation numbers of Cl and 
Mn, | x 2 = 2 atoms of Mn and 5 x 2 = 10 atoms of Cl are required. So the equation 
becomes— 
2KMnO, + 10КС1 + H;SO, — 2MnSO, + 6K2SO, + 5Cl; + HO 
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It is observed that, for the formation of MnSO, and K;SO, salts, 8 molecules of H;SO, are 

required. So the balanced equation is— 
2KMnO, + IOKCI + 8H;SO, = 2Мп50; + 6K5S0, + 5С1 + 8H;0 
+6 -1 +3 0 
(3) K,Cr,0, + HCI > KCl + CrCl, + Ch + ЊО 
Here the decrease іп O.N. of Cr atom = [+3 – (+6)] 2 -3 
the increase in O.N. of Cl atom =(0-(1)] =+1 

To equalise the increase and decrease in O.N. of Cl and Cr, 1 atom of Cr and 3 atoms 
of Cl are required, but as 2 Cr atoms are already there and chlorine molecule consists of 
2 atoms, so / x 2 = 2 atoms of Cr and 3 х2 = 6 atoms of Cl are needed. So the equation 


Е K,Cr,0, + 6НСІ  2KCI + 2CrCl; + 3Cl; + HO 
Now in the formation of KCl and CrCl; salts, it is observed that 8 more molecules of НСІ 
are needed, So the balanced equation becomes— 
K;Cr;0; + 14НС1 = 2КС1 + 2CrCl; + 3Cl, + 7H;O 


+2 3 ° 0 


(4) CuO + NH; > Cu + № + HO 
Here the increase in O.N. of аот = [0= (-3)] =+3 
the decrease in O.N. of Cu atom = [0- (+2)] =-2 


In order to equalise the decrease and increase in O.N. of Cu and №, 2 atoms of N and 3 atoms 
of Cu are needed. So the equation becomes— 


3CuO + 2NH; = 3Cu + № + ЗНО 


0 +6 d +4 
(5) С + 50, э СО, + SO; + HO 
Here the increase in O.N. of C atom =+4-0 =+4 


the decrease їп O.N. of Satom = [+4 (+6)) = 2 


To equalise the increase and decrease in oxidation numbers, 2 atoms of C and 4 atoms of 
S are required, so the equation becomes— 


2C + 4H;SO, = 2CO, + 4SO; + 4H0 
or C+2H,SO, = СО, + 250, + 290 


+ +4 +2 +6 
(6) KMnO, + H;SO, + Na,SO; — K;SO, + MnSO, + Na;SO, + НО 
Here the increase in O.N. of S$ atom = [+6 – (+4)] = +2 
the decrease іп O.N. of Mn atom = [+2 — (*7)] =-5 


It is observed that, to equalise the increase and decrease in oxidation numbers of S and Mn, 
5 atoms of S and 2 atoms of Mn are required. Thus the equation becomes— 


2KMn0O, + Н,50; + 5350, — К›$О, + 2MnSO, + 5Na;SO, + HO 


Now in order to produce the salts (К›$О, + MnSO,), it is observed that 3 molecules of 
H,SO, are needed, so the balanced equation is— 


2KMnO, + 3H;SO, + 5Na;SO; = К›$О, + 2MnSO,  5Na;SO, + ЗНО 


0 +2. 0 +5 
(7) р + CuSO, + ЊО — Cu + НРО, + HSO, 
Here the increase іп O.N. of Patom =(+5- 0) =+5 


the decrease in O.N. of Cu atom = [0 - (+2)] = 2. 
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To equalise the increase and decrease in O.N. 2 atoms of P and 5 atoms of Cu are needed 
so the equation becomes— 
2P  SCuSO, + 8H;O  5Cu + 2H;PO, + 5H;SO, 


(8) Zn. НОН NONO; Моло, +: Nip. Н 
Here the increase іп O.N. of Zn =(+2-0) *42 
the decrease іп О.М of N atom. = [-3 — (+5)) =-8 
To equalise the increase and decrease in oxidation numbers, 4 atoms of Zn and 1 atom of 
N are required. 
x 4Zn + NaOH + NaNO, — 4Na;ZnO; + NH; + НО 
It is observed that to produce NaZnO, salt, 7 molecules of NaOH are needed. 
4Zn + 7NaOH + NaNO, = 4Na;ZnO; + МН, +2Н;О 


Reduction 
(9) fe, + 0, ——> fe, + $0, 
Oxidation 
Oxidation 


In this reaction, the O.N. of Fe and S atoms are increased and that of О atom is 
decreased. 

Increase in O.N. of Fe atom = [+3 ~ (+2)] = +1 (oxidation) 

Increase in O.N. of Satom = [+4 - (-1)] = +5 (oxidation) 

The increase in O.N. of 2 atoms of S in FeS 22x 5 = 10, 

The rotal increase in O.N. in the oxidation of Ее$; (1 + 10) = +11 

The decrease in O.N. of 1 atom of О = [-2 -0] =-2 á 

The decrease in О.М. of 2 atoms of О=-2х 2 =-4 

To equalise the increase,and decrease in O.N., 4 molecules of FeS; and 11 molecules of 
O» are required. 

2. The balanced equation is 4FeS + 110; = 2Fe,0;+ 880; 


+ * ۰ E 
(10) KMnO, * FeSO, + H50, — K,SO, + Maso, + Fe,(SO,); + НО 
The increase in O.N. of Fe = [+3 - (+2)] = +1 
The decrease in O.N. of Mn ={(+2—(+7) =-5 
To equalise the increase and decrease in oxidation number, 5 atoms of Fe and | atom of 


Mn are required, but because in the product Fe,(SO,); there are two atoms of Fe, so 2 x 5 = 10 
atoms of Fe and | x 2 = 2 atoms of Mn are required. Thus the equation becomes— 


2KMnO, + IOFeSO, + Н,50, — K5;S0, + 2MnSO, + SFe SO) НО 


For the production of sulphate salts it requires 18 SO, radicals of which 10 are present in 
FeSO,. Consequently 8 more SO; radicals come from H;SO,. So the number of HSO, 


molecules = 8. 
Thus the balanced equation becomes— 
2КМпО, + 10Ее$О, + 8980; = KSO; + 2MnSO, + 5Fex SO.) + 8H;O 


CH-IU11 
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-=i +6 0 +4 
(11) KBr + Н;5О, — K;SO, + Вг; + 50, + ЊО 
Increase in O.N. of Br atom ={0—(—1)] =+1 
Decrease іп O.N. of S atom = [+4 - (+6)] =-2 


In order to equalise the increase and decrease in oxidation number, it requires 2 atoms of 
Br and | atom of S. Thus the equation becomes— 


2KBr + H;SO, э К›$О, + Br; + SO; + Н.О 
For the formation of salt KSO,, another 1 molecule of H;SO, is required. 

2KBr + 29,50; = K;SO, + Br; + SO; + 2H;O 

0 +5 +2 +1 
(12) Cu + HNO; — Cu(NOjJ; + NO + H:O 
Increase in O.N: of Cuatom = [432-(0)] =+2 
Decrease in O.N. of N atom = [+1 = (+5)) = -4 
Thus, in order to equalise the increase and decrease in O.N. 4 atoms of Cu and 2 atoms of 
N are required. Thus the equation becomes— 


4Cu + 2HNO; 4 4Cu(NO3); + №0 + HO 
For the production of 4 molecules of Cu(NO);); salt, another 8 molecules of HNO; are 
needed. So the balanced equation becomes— 
4Cu + 1OHNO; = 4Cu(NO;); + №0 + SHO 


+5 +2 


0 +2 
(13) Со + HNO; — Cu(NOj; + NO + HO 
Increase іп O.N. of Cu atom = (+2.-0) =+2 
Decrease іп O.N. of N atom = [+2 (+5)) = -3 


In order to equalise the increase and decrease of O.N., 3 atoms of Cu and 2 atoms of N are 
required. Thus we get— 


3Cu + 2HNO; 4 3Cu(NO3); + 2NO + НО 


It is observed that for the formation of 3 molecules of Cu(NO:);, another 6 molecules of 
НКО, are needed, so the balanced equation becomes— 


3Cu + 8HNO; = 3Cu(NO;), + 2NO + 4H;O 


2 4 0 


(14) H:S + 50, > S + О 
The equation may be written in the following way 
a 


ü 0 


2 + 
Н,5 + 50, —— 5 + 5 + H,O 
| ا‎ э 


As S atom of Н,5 is oxidised to S and on the otherhand the S atom of SO; is reduced 
to S. 


The increase in О.М. of S atom in HS = [0- (-2)) = +2 
The decrease in O.N. of S atom in SO; = [0—(44)] 2-4 


So to equalise the increase and decrease of O.N. 2 atoms of S in HS and 1 atom of S is SO; 
are required. So the balanced equation is— 


29,5 + SO; = 28 + S +2H,0 ог, 29,5 + SO; = 3S +2H,0 


== 
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0 - + 
а5) СЬ + Моон = NaCl + Nelo, + HO 
This equation can be expressed as— 


LU 0 - +5 
Cl + CI + NaOH —> NaCl + NaClO; + H;O 
M РАР o^ idit 


Increase in О.М. of Cl atom which produces NaClO, = (+5 -0) = +5 
Decrease in O.N. of the Cl atom which produces NaCl = (-1—-0) 2-1 


In order to equalise the increase and decrease in O.N., 1 atom of Cl producing NaClO; 
and 5 atoms of another СІ producing NaCl are required. 


The equation becomes— се —+{ 
5CI + Cl+6NaOH = 5NaCI + NaClO; + 3Н;О 


€— M BM 
or, 3Cl, + 6NaOH = 5NaCI + NaClO; + ЗНО 


+6 - 3 ° 
(17) K;CrjO; + H,SO, + KI > К;$0, + Сг;$О,); + h + HO 
Increase in O.N. of latom = [0-(-1)) =+1 
Decrease іп O.N. of Cr atom = [+3 ~ (46)] =-3 
To equalise the increase and decrease in O.N. 3 atoms of I and | atom of Cr are needed but 
as in K,Cr,O;, 2 Cr atoms are present, so 3 х2 =6 atoms of Iand 1 x 2 22 atoms of Cr are needed. 
So the equation becomes— 


K;Cr;O; + H;SO, + 6КІ — 4К,50, + Cr(SO4). + 3b + HO 
Now for the formation of salts [4K,SO, + Cr2(SO4)3] 7 of molecules of H;SO, are needed. 
K;Cr;O; + 7H2SO, + 6KI = 4К›$О, + Cr(SO4), + 3b + THO ; 


(18) Ресто, + KCO; + Kdo, E feo; * ксю, + ка + CO, 

Here, both the constituents, Fe and Cr of FeCr;O, molecule have suffered oxidation. 
The increase in O.N. of Fe = [+3 - («2)) = +1 

The increase іп O.N. of Cr = [+6 – (*3)] = +3 

the increase in O.N. of 2 Cr atoms in FeCr;O,2 3x22 6 

Total increase in О.М. for each molecule of FeCr;O, = +1 +6 = +7 

The decrease in О.М. of Cl atom = [-1 —(+5)] = -6 


Now to equalise the increase and decrease in oxidation number, 6 molecules of FeCr;O, 
and 7 atoms of CI are needed. 


Thus, 6FeCr;O, + K;CO; + 7КС1О; — 3Fe,0; + I2K;CrO, + 7KCI + CO; 
24 K atoms are needed for the formation of K;CrO,, so the balanced equation is— 
6FeCr;O, + 12K,CO; + 7КСІО, = ЗЕе,О, + 12K;CrO, + 7KCI + 12CO; 


+7 -l 2 ° 
(19) KMnO; + H,SO, + Н;О; — K;SO, + MnSO, + О; + НО 
Here, the decrease in O.N. of Mn atom in KMnO, = [+2 - (+7)] =-5 
The increase in О.М. of O atom in HO =(0-(-1)] =+ 


As there is K,SO, as the product, so to equalise the increase and decrease in O.N., 
1 x 2=2 atoms of Mn and 5 x 2 = 10 atoms of oxygen are needed. So the equation becomes— 


2KMnO, + H;SO, + SHO; — К,50, + 2MnSO, + 50, + HO 
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The unblanced equation becomes— 

2CaCrO, + 6KI +x HCl — 2CaCh + 6KCI + 31, + 2CiCl + y H20 
By inspection we get x = 16, y=8, 
Thus the balanced equation is— E 

2CaCrO, + 6KI + 16HCI = 2CaCh + 6КС1 + 31, + 2CrCl; + 8Н;О 


+3 +7 +5 +4 
(3) AsO?” + MnO; + ЊО > АО + MnO, + ОН 
(i) Mn Vi) + 3e > Mn (dV) x 2 
(ii) Аѕ (Ш) — Аз (жу) + 2ex3 


Multiplying (i) Бу 3 and (ii) by 2 and adding we get, 
ЗА5(+Ш) + 2Мп(+уП) > 3As(+V) + 2Mn(+IV) 
The incomplete equation becomes— 
3AsO} + 2MnO; 4 ЗАѕО{ + 2MnO; 
The unbalanced equation is— 
3AsO} + 2MnO; + x HO > 3AsO} + 2MnO, + y OH 
By inspecting we get x — landy-2 
. The balanced equation is— 
3А$О} + 2MnO; + HO = ЗАѕОЇ + 2MnO, + 20H* 
Decrease of O.N. 


E + +6 +6 4 
(4) No,S,0; + KMnO, + HO — №50; + К,50, + MnO, + KOH 


Increase of O.N. 
(i) Мп{+уп) +.3e — Mn (ну) x 8 
(ii) 25 (+11) 4 25 (4V1) + 8ex3 
Multiplying (i) by 8 and (ii) by 3 we get, 
8Mn (+VII) + 24е э 8Mn (av) 
65 (+1) — 65 (+У1) + 24e 
Adding, 8Mn (+VII) + 65 (+01) э 8Mn (ну) + 6S (+У1) 
The incomplete equation becomes— 
8KMnO, + 3Na;$,0, — 3Na;SO, + 3K;SO, + 8MnO; 
The unbalanced equation becomes— 
8KMnO, + 3Na,S203 + x HO — 3Ма;$О, + 3K,SO, + 8MnO; + у КОН 
By inspecting we get x = 1 and y=2 
Thus the balanced equation is— 
8KMnO, + 3Na,$,0; + HO = 3Na;SO, + 3K,SO, + 8MnO, + 2KOH 


+5 0 ыа 
© ЛО ао, e ao + Р, + со 
(i) AP (+V) + 20е ¬+ АР (0) х1 
Gi) CO) э Cid + 2ех 10 


Multiplying (i) by 1 and (ii) by TO we get, 
AP (+у) + 10С(0) — АР (0) + 10C (+0) 
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The incomplete equation 2Ca;(PO,)2 + 10C 4 P,+10CO 

The unbalanced equation 2Ca(PO,)2 + х51О; + 10C 4 6CaSiO; +P, + 10CO 
Thus x = 6. 

The balanced equation 2Ca,(PO,)2 + 6510, + 10C = 6CaSiO; + P4 + 10CO 


E ° +2 +4 +4 
(6) KMnO; + CHi;0, > MnO + СО, + KCO; + но 
' () 6C (0) — 6C(+IV) + 24ex 5 


(i) Mn (жуп) + 5e — Мп (+1) х 24 
Ву multiplying (i) by 5 and (її) by 24 we get, 


30C (0) — 30C (+IV) + 120e 
24Mn (+VII) + 120e = 24Mn (+1) 
Adding 30C (0) + 24Mn (+VII) э 30C (+V) + 2AMn (+1) 


The above scheme shows that there are 24 KMnO; present in the left hand side, hence there 
should be 12K2CO; on the right hand side which accounts for 12C(IV) state. So there should 
be 18 CO; 
i The incomplete equation 
24KMnO, + 5CH 1206 —> 24MnO + 18СО; + 12K;CO; + xH;O 
On inspection we get x = 30. So the balanced equation is— 
24KMnO, + 5С;Н,0, = 24MnO + 18CO; + 12K;CO; + 30H,0 
° +1 +1 +3 0 

(7) Al + NaOH + H:O э NaAlO, + H; 

О.М. of Al increases by 3 units 

O.N. of H decreases by 2 units 

(i) Al()-3e > Al (+111) x 2 
(ii) 29 (н) + 2e > H4(0) x 3 
Multiplying (i) by 2 and (ii) by 3 we get 
2Al (0) - бе — 2Al (+m) 
6H (+1) + бе э ЗН, (0) 

Adding 2Al (0) + 6H (+1) — 2Al (+111) + ЗН, (0) 

Now Н (+1) is supplied by both NaOH and H,O since 2 atoms of Al (0) is in left hand side, 
so 2 molecules of NaAIO; will be present on the right side. Hence the unbalanced equation 
becomes— ^ 

2A] + 2NaOH + xH;O — 2NaAIO; + 3H2 
By inspection x = 2. So the balanced equation 
2A] + 2NaOH + 2H;O = 2N2AIO; + 3H; 

(8) ^» + KCN + о, + HO әк (Ag (СМ) + KOH 

O.N. of Ag is increased by І unit (oxidation) 

ON. of 20 atoms are decreased by 2 х 2 = 4 units (reduction) 

(i) А910) -е 7 Ag (+1) x 4 

(i) 2010 + 4e э 20 єп) x1 
Multiplying (i) by 2 and then adding 

AAg (0) + 20(0). > 4Ag (+1) + 20 (11) 
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The incomplete equation becomes— 4Ag + О; > 4K [Ag (CN);] + 2KOH 
Since there are 8CN on the right hand side, the number of KCN molecule on the left side 
should be 8. This goes to prove that on the right hand side the number of molecules of KOH 
must be 4 and not 2. Thus the unbalanced equation becomes— 
4Ag + 8KCN + O, + xH;O — 4K[Ag(CN);] + 4KOH 
By inspection x = 2. So the balanced equation is — 
4Ag + 8KCN + O: + 29,0 = 4K[Ag (CN);] +4KOH. 
Increase of O.N. = Oxidation 
+4 - o 0 
(9) Na;TcO, + Nal + HCl — NaCl + Te + HO + h 
Decrease of O.N. = Reduction 
Tc (IV) + 4e > Тс (0) .... (0 
21(4) - 2e > b(0) ....(i)x2 
By adding Te (IV) + 41(-1)  Tc(0) + 2h 
Incomplete equation Na,TcO;+4Nal — Tc + 21, 
Unbalanced equation Na;TcO; + 4Nal + xHCl — yNaCl + Tc + 21, + zH;O 
By inspection x = y = 6 and z = 3, the balanced equation is— 
Na;TcO; + 4Nal + 6НС1 = 6NaCl + Tc + 21, + ЗН,О 


+3 +3 +2 +6 
(10) Ka[Fe(CN).] + Сг;О, + KOH — Ky[Fe(CN).] + K,CrO, + HO 
Fe (Ш) + e — Fe (I1) . х6 
2Cr (Ш) - бе => 2С (VI) ... (й) 
Adding 6Fe (Ш) + 2Сг(Ш) ¬ 6Fe (П) + 2Cr (VI) 


The incomplete equation becomes— 
6K3[Fe(CN)] + Cr;O; — 6K4[Fe(CN);] + 2KCrO, 
The unbalanced equation is— 
6K3[Fe(CN),] + Cr;O; +xKOH 4 6K,[Fe(CN),]  2K;CrO, + yH;O 
By inspection x = 10 and y = 5, the balanced equation is— 
6Кз[Ее(С№),] + Cr;O; + І0КОН = 6K,[Fe(CN),] + 2K;CrO; + 5H;O 


-2 -3 -п 
(11) РН, > PH; + РН; 
2P(-H)«2e > 2Р[-П)....(ўх3 
AP (I) - 6e 4 4P(-1/2) .... (ii) 
6P (-П) + АР (I) — 6P (In) + 4P (-1/2) 


or, ТОР (-I1) => 6P (II) + АР (-1/2) 
The balanced reaction becomes— — 5P;H, = 6PH; + P4H; 
Increase of O.N. ў 
45-2 0 +4 
(12) KCIO; + H;SO, — KHSO, + О; + СЮ, + НО 
Decrease of O.N. 
СУ) + e ә Сїт)... (0x4 


20 ЕП) - 4e э 20 (0) .... (ii) 
ог, 4CI (Vv) + 20 (1) ¬+ 4Cl(IV] + 20 (0) 
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Incomplete equation : 4КСІО, — 4CIO; + О, 
Unbalanced equation : 
4KCIO; + xH;SO, — 4CIO, + О; + yKHSO, + zH;O 
By inspection x = y = 4 and z = 2, the balanced equation 
4KCIO; + 4H5SO, = 4CIO; + О; + 4KHSO, + 2Н;О 
4.11. Balancing a chemical equation by ion-electron method. : 

Ion-electron method of balancing a redox reaction was introduced in chemistry by Jette and 
La Mer as early as 1927. The method is based upon the electronic definition of oxidation and 
reduction i.e., oxidation involves loss of electron(s) while reduction indicates gain of electron(s). 
The unit change in oxidation or reduction is a change of one electron denoted by e. Although 
the process is limited to ionic reactions in aqueous medium , the method is much more 
advantageous than the previous oxidation nuniber method which is in fact, nothing but a 
modified form of hit and trial method of balancing redox equation. The advantages of ion- 
electron method are— 

(a) The equations are not hypothetical but, indeed all of them have been verified 
experimentally. í 

(b) The influence of the concentration of H* and OH" ions are clearly emphasised unlike 
in the previous oxidation number method. 

(c) The final equation involves only the substances that react and are produced in the redox 
system. 

(d) The method does not recognise the distribution of valency electrons among the 
individual atom forming the oxidising and reducing agents. Thus with dichromate, it is not the 
hexavalent chromium Cr(VI) which is the oxidising agent, as envisaged in oxidation number 
method, but the actual oxidant is Сг;О$^ ion the concentration of which may be experimentally 
determined. 

(e) The half reaction of the partial equation can actually be made to occur independently. 
All the redox reactions can be carried out as electro-chemical cell process for producing an 
electrical potential (See chapter V). 

ө The following rules guide us in balancing a redox reaction by ion-electron method. 

(i) Set up two partial equations (half cell equations), one involving oxidation and other 
reduction. 

(ii) Multiply each of the above equation by a factor so that the final equation, on addition 
should not contain any electron. 

(iii) Add the partial equations and cancel out the common substances from both sides of the 
equation. 

(iv) If the reaction takes place in acid medium, add H* ion on І.Н. and H30 on R.H.S of 
the equation. Normally oxygen atoms are balanced by placing H* ions on that side and H0 on 
the other side. Note that O and Н; are not used to balance the oxygen and hydrogen atoms unless 
they are known to be principal participants in the reaction. 

(у) If the reaction takes place in alkaline medium, ОН is used. Under no circumstances 
H* ion is used if the medium is alkaline. The final equation must contain same number of atoms 
and same number of charges on both sides. 

In applying the above rules we must remember that those substances which are covalent or 
slightly ionised e.g., HO, BaSO,, AgCl, NH; etc., should be written in molecular form and 
never in the ionic form. Only strong electrolytes must appear in the half equation in the ionic 

form. 
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Examples : 
1. HNO; + HS 4 5 + NO + HO 
Oxidation step: S^ -2e =S HO) 
Reduction step : NO; + АН? + Зе z NO + 29,0 Aera 
Multiplying eqn. (i) by 3 and egn. (ii) by 2 cancelling electrons and adding, 
3S* + 2NO; +8Н' = 35 + 2NO + 4H,O 

or, 3H5S + 2HNO; = 3S + 2NO  4H;O 
2. KMnO; + KCl +H SO, — MnSO, + K,SO, + Ch + HO 
Oxidation step : 2СГ -2e z Ch AY 
Reduction step : MnO; + ЗН? + 5e <> Mn” + 49,0 E (01) 
Multiplying (i) by 5 and (ii) by 2, cancelling electrons and adding, 

2MnO; + 16H* + 10СГ == 2Mn** + 5СІ, + 8H;O 

or, 2KMnO, + 10KCI + 8H;SO, = 2MnSO, + 5С1› + 6K2SO, + 8H;O 
3. К›Сг;О; + HCl > KCI + CrCl, + Cl + HO 
Oxidation step : 2С – 2e = Cl, EN) 
Reduction step : CrO7 + 14H* + бе c 2Cr*** + THO “Оңу 
Multiplying (1) by 3, adding the two, 

Cr0 + 14H* +6СГ = 2Cr'** + 3Cl + THO 


or, K;Cr;O; + 14НС1 = 2KCI + 2CrCl; + 3Cl;  7H;O 
4. Zn + NaNO; + NaOH — Naj;ZnO; + NH; + HO 
Oxidation step: Zn + 4OH^-2e => ZnO? + 29,0 dona 
Reduction step : NO; + 6H20 + 8e <> NH; +9ОН Sos) 


Multiplying equation (i) by 4 and adding, 
4Zn + 160H^ + NO; + 6Н›О = 4ZnO7 + SHO + NH; + 90H 
Cancelling common substances from both sides the final equation becomes, 
4Zn + 70H + МО; = 4ZnO? + NH; + 2H;0 
or, Zn + NaNO; + 7NaOH = 4Na;ZnO; + NH; + 2H;O 
5. HgS + HCl + HNO; — H2(HgCl,) + NO + 5 + HO 
Неге HgS does not ionise and the ion is (НЕСІ) 
Oxidation step : HgS + 4CI -2e = S + [HgCl,]> муф) 
Reduction step : NO3 + AH' + Зе => NO + 2Н,О RGD 
Multiplying (i) by 3 and (ii) by 2 and adding, 
3HgS + 2NO; + 8H’ + 12СГ => 2NO + 3[HgCl,]* + 35 + 4H;O À 
or, 3HgS + 2HNO; + 12НС1 = 2NO + 3H;[HgCl;] + 3S + 4H20 | 


6. KMnO, + Н.50, + ЊО, — K;SO, + MnSO, + О; + HO | 
Oxidation step : HO; – 2е = 2H* + О, 5:5) (D 
Reduction step : MnO; + 8H’ + 5e. => Mn” +4Н›О ту (ii) 


Multiplying equation (i) by 5 and (ii) by 2 and transferring H* to L.H.S and adding, the final 
equation becomes, 


2MnO; + 6H* + 5H;O; => 2Mn* + 50, + 8H;O 
or, 2KMnO, + 3H2SO, + 5H;0; = K5SO, + 2MnSO, + 50; + 8H;O 
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7. MnO; + H' + Ре > Ғе" + Mn” + Н.О 
Oxidation step : Fe =e = Fe" Н) 
Reduction step : MnO; + 8H’ +5e => Мп” +490 BS 
Multiplying first equation (i) by 5 and adding, 

SFe'* + MnO; +8Н* = 5Fe''* + Mn" +4Н›О 
8. MnO; + HCl — MnCl + Cl + НО 
MnO) is a solid, insoluble in water and hence does not ionise. 
Oxidation step : 2С = 2е == Cl 
Reduction step : MnO, + 4H +2e = Мп" + 2H;0 
Adding the two equations, 

MnO, + 4H' + 2CI = Mn” + Сі, + 290 


ог, MnO, + 4НСІ = MnCl, + Ch + 290 
9. FeSO, + Н,50; + НО, > Fe2(SO,)3 + HO 
Oxidation step : Fe" =e Fe" TN 
Reduction step + HO; + 2H* + 2е == 2H;O 12547 (ii) 


Multiplying equation (i) by 2 and adding, 
2Fe" + НО + 2H 2Fe" +2Н;О 


or, 2FeSO, + HO; + Н;$О, = FexS0;); + 290 
10. вьО; + NaOH + NaOCl 4 NaBiO; + NaCl + HO 
Oxidation step : Bi;O; + 6OH = 4e = 2Bi0; + 3H,0 ate abi) 
Reduction step : OCI + H:O + 2e = HEHE) + box GD 


Multiplying equation (ii) by 2 and adding, 
ВО; + 60H” + 2ОСГ + 2H;0 =  2Bi0; + 3H;0 + 2С + 40H” 
Cancelling the common term the final equation becomes 
ВО, + 20H + 20Cl = 2BiO;-*2Cl + HO 
or, Bi;O; + 2NaOH + 2NaOCI = 2NaBiO; + 2NaCI + HO 


11. 1 + №50; — Ма;$О,+ Nal 
Oxidation step : 28,0} -2e = SOF 
Reduction step:h+2e = W 
Final equation is, DES OR == 5:06 + 17 
or, I, + 23503 = Na5840, + 2Nal 
12. H;SO, + НВг — Brz + SO; + HO 
Oxidation step : 2Br – 2е == Br; 
Reduction step : SO} + 4Н' + 2е == SO: 290 
Final equation on adding, SO} + 4H" + 2Br = 50+ Вг + 2H,0 


or, Н,50; + 2HBr = SO) + Br; + 2H,0 
13. P+ NaOH + О — NaH;PO; + PH; 
Oxidation step : P + 2ОН - e = HPO; cel) 
Reduction step : P + 3H20 + Зе => PH, + ЗОН" . A) 


Multiplying equation (i) by 3, 
3P + 6OH + P + 3H;O = 3H;PO; + PH; + 30H 


170 ELEMENTS OF CHEMISTRY 


Examples : 

1. HNO; + HS 4 5 + МО + HO 

Oxidation step : S^xgb S SE) 
Reduction step : NO; + АН + Зе => МО + 2H;0 is wx (GE) 


Multiplying eqn. (i) by 3 and eqn. (ii) by 2 cancelling electrons and adding, 
352 +2NO; +8H* == 35 + 2NO + 4H20 


or, 3Н›$ + 2HNO; = 3S + 2NO + 4H,0 
2. KMnO; + KCl + HSO, — MnSO, + K;SO, + Ch + HO 
Oxidation step : 2СГ -2e z Ch AU) 
Reduction step : MnO; + 8H' + 5е <> Мп” + 4H20 AD 


Multiplying (i) by 5 and (ii) by 2, cancelling electrons and adding, 
2MnO; + 16H’ + 10СГ == 2Mn** + 5Cl, + 8H;O 
ог, 2KMnO, + 10KCI + 8H;SO, = 2MnSO, + SCI, + 6K,SO,  8H;O 

3. К›Сг;О; + HCl. 4 KCI + CrCl; + Cl + HO 
Oxidation step: 2С – 2е < Ch Жз) 
Reduction step : Cr,0} + 14H* + бе => 2Cr*** + 79,0 MENTO) 
Multiplying (i) by 3, adding the two, 

COF  14H* +6СГ = 2Cr^** + 3Cl + HO 


or, K;Cr;O; + 14НС1 = 2KCI + 2CrCl, + 3С1›+ 7H;O 

4. Zn + NaNO, + NaOH ¬4 Nas;ZnO; + NH; + HO 

Oxidation step : Zn + АОН -2e == ZnO? + 29,0 siki) 
Reduction step : NO} + 6H20 + 8e => NH; + 90H ГЛ) 


Multiplying equation (i) by 4 and adding, 
4Zn + 160H^ + NO; + 6H;0 = 4ZnO? + НО + NH; + 90H 
Cancelling common substances from both sides the final equation becomes, 
4Zn + 70H +NO; = 4ZnO? + NH; + 29,0 
or, Zn + NaNO; + 7NaOH = 4Na;ZnO, + NH; + 2H;O 
5. HgS + НСІ + HNO; — H2(HgCl,) + МО + 5 + HO 
Here Не$ does пої іопіѕе and the ion is (HgCLl)- 
Oxidation step : HgS + АС -2e <> S+ [Несі] E 
Reduction step : NO; + АН? + Зе => NO+2H,0 esci) 
Multiplying (i) by 3 and (ii) by 2 and adding, 
3HgS + 2NO; + 8H’ + 12СГ => 2NO «3[HgCL]" + 35 + 4H;O 
or, 3HgS + 2HNO; + 12НСІ = 2NO + 3H;[HgCl,] + 35 + 4H20 
6. KMnO; + H;SO, + НО, — K;SO, + MnSO, + О; + HO 
Oxidation step : Н.О – 2e => 2H* + О, хы) 
Reduction step : MnO; + 8H' + 5е => Mn” + 4H;O ss. (ii) 


Multiplying equation (1) by 5 and (ii) by 2 and transferring H* to L.H.S and adding, the final 
equation becomes, 


2МпО; + 6H* + 5H;0; => 2Mn** + 50, + SHO 
or, 2КМпО; + 3H,SO, + 5H;0; = K,SO, + 2MnSO, + 50; + 8H;O 
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7. MnO; + Н' + Ее" — Fet + Мп” + НО 
Oxidation step : Ве =e == Fè” КРУ i 
Reduction step : MnO; + 8H" + Se = Мп +4H,0 «Б: 


Multiplying first equation (i) by 5 and adding, 

SFe'* + MnO; + 8H' = SFe'" + Ма" +490 
8. МО, + HCl > MnCl, + Cl, + HO 
MnO) is a solid, insoluble in water and hence does not ionise. 
Oxidation step : 2CY -2e => Ch 
Reduction step : MnO, + 4H’ +2e == Мп“ + 290 
Adding the two equations, 

MnO, + 4H' + 2СГ = Мп" + Cl + 290 


ог, MnO, + 4НС1 = MnCl, + Cl; + 290 
9. FeSO, + H2SO, + НО, > Fe2(SO,)3 + НО 
Oxidation step : Fe =e == Fe Tm 
Reduction step : HO;  2H* +2e == 290 АЕ) 


Multiplying equation (i) by 2 and adding, 
2Fe" + Hj0;- 2H*— 2Ее”' +290 


Or, 2FeSO, + H;O; + H5SO, = Fe,(SO,); + 290 
10. Bi;O; + NaOH + NaOCl > NaBiO; + NaCl + HO 
Oxidation step : BixO; + 6OH – 4e = 2Bi0; + 3H,0 se i) 
Reduction step : ОСГ + НО + 2e = CDb-20H + bay (di) 


Multiplying equation (ii) by 2 and adding, 
Bi;O; + 6OH + 20СГ + 290 = 2В10; + ЗНО + 2Cl + 4OH 
Cancelling the common term the final equation becomes 
Bi;O; + 20Н + 20СГ = 2Bi0;+2Cl + НО 
or, Bi;O; + 2NaOH +2МаОС1 = 2NaBiO; + 2NaCl + HO 
11. 1,+ №50; > Na:S,O, + Nal 
Oxidation step : 25107 -2e SO 


Reduction step : I + 2e == W 
Final equation is, + ک0‎ S4077 + 217 
or, 1, + 2350; = №8406 + 2Nal 


12. H;SO, + НВг — Bra + SO; + HO 

Oxidation step : 2Br —2e = Br; 

Reduction step : SOL 4H'42e => SO;*2H;0 

Final equation on adding, 502 + 4H'«2Br => SO;-4 Br; 2H;O 


or, H,SO, + 2HBr = 50, + Вг; + 290 
13. Р + NaOH + НО > NaH;PO; + PH 
Oxidation step : P + 20H - e = HPO; MN 
Reduction step : P + 3H20 + Зе = РН; + ЗОН" ta A) 


Multiplying equation (i) by 3; 
3P + 6OH + Р + ЗНО = 3H;PO; + PH; + ЗОН” 
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Cancelling the common terms from both sides 
4р + 30H + ЗН,О = 3H;PO; + РН; 

or, 4P + 3NaOH + 3H;0 = 3NaH,PO, + PH; 
14. НО, + Оз > О, + HO 
Both H,O; and О; аге typical covalent compounds 
Oxidation step : H0; 2e. & O,+2H* 
Reduction step : O, + 2H* +2e => 0; ЊО 
Adding and cancelling common terms, HO, + Оз == О. + H,O 
15. MnSO, + NaBiO + HNO, — HMnO, + NaNO; + Na;SO, + BiINO;J; + HO 
Oxidation step : Mn** + 490 -5e == MnO; + 8H* nr sry 
Reduction step : ВІО + 6H* +2е = Ві + ЗНО mu) 
Multiplying equation (i) by 2 and equation (ii) by 5 and adding, 

2Mn"  8H;O + 5BiO; + 30H* <> 2MnO;j + 16H* + 5Bi"* + 15H,O 
Cancelling common terms, 2Mn** + SBiO; + 14H* == 2MnO; + 5Ві* + 7H,0 
or, 2MnSO, * 5NaBiO; + 16HNO; = 2HMnO, + SBi(NO;); + NaNO; + 2Na2SO, + 7920 
16. Ch «105 + ОН 4 СГ «10; + HO 
Oxidation step : 103 + 20H’ -2e == IO; + НО 
Reduction step: Ch + 2е => 2СГ 
Adding : IO; + Cl, + 2ОН = 2817 + 103 + НО 
17. Cris + КОН + Ch ¬4 K,CrO, + КЮ, + KCI + HO 


Here it is to be noted that both Cr and iodide are simultaneously oxidised. Again Crk; is not 
ionic and hence does not ionise. 


Oxidation step : Ст; + 320H – 27е == CrOf + 310; + 1690 А...) 
Reduction step : Cl + 2е => 2СГ НН) 
Multiplying equation (i) by 2 and equation (її) by 27 апа adding, 
2Сїї; + 640Н + 27С1, = 2СгО + 610; + 54СГ + 32H;O 
or, 2Crh +64KOH + 27Cl, = 2K;CrO, + 6KIO, + 54KCI + 32Н;О 
18. 50, + NaCr,0, + H;SO, — NaSO; + Cr2{SO,)3 + HO 
Oxidation step : SO, + 2H0 -2e z SOF +4H" EE 
Reduction step : Cr,07 + 14H* + бе => 2Cr** + THO ENG 
Multiply (i) by 3 and cancelling common terms and adding, 
3S0; + C07 + 2H’ == 2Сг” + 3S0 + HO 
or, 350, + Na;CrjO; + H;SO, = Cr(SO,); + Ма;$О, + HO 
19. CIO; + SO; > СЮ, + HSO; (ln acidic medium) 
Oxidation step: SO, + 29,0 - 2е => НЅО; + ЗН" 
Reduction step : 2C103 + АН" + 2e == 2C10, + 2H;0 
Adding the two equations, cancelling common terms and transferring, the equation 
becomes SO, + 2CIO; + H* => HSO; + 2CIO; 
20. 103+ OH + С, — СГ + IO; + HO 
Oxidation step : IO3 + 20H -2e <> 10;+H,0 
Reduction step : Cl 2e == 2СГ 
Adding : IO; + СІ, + 20H" = IO; + 2CI +Н;О 
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21. MnSO, + (NH4)2S20, + О — MnO, + H;SO, + (NH4;SO, 
Oxidation step : Mn** + 29,0 - 2e == МпО + 4H* 
Reduction step : S,Og +2е => 2807 
Adding the half cell equation : 
S207 + 29,0 +Mn** = MnO, + 4H" «2S0; 

or, _ (NH45S;0; + MnSO, + 290 = MnO, + 2H2SO, + (NH4)SO, 
22. CdS +h + HCl > CdCl; + S + HI 
Oxidation step: CdS -2e == Cd" +S 
Reduction step : I + 2e == W 
Adding, CdS +1, = Cd" +5 +2Гг 

or, CdS +1,+2НСІ = CdCl, + 5 + 2HI 
23. Na;H AsO; + KBrO; + HCl > H3AsO, + NaCl + KBr 
Oxidation step : HAsO} + H,O-2e == HAsO, virg 
Reduction step : BrO5 + 6H'46e => Br +3H,0 days. Gi) 
Multiplying equation (i) by 3 and adding, 

3HAsO? + 3H;O + BrO; + 6H’ => 3H3AsO, + Br + 3H0 
3HAsO} + BrO; + 6H* == 3H3AsO, + Br 

or, | 3Na,HAsO; + NaBrO; + 6HCI = 3H3AsO, + NaBr + 6NaCl 
24. МО, + SnCl, + HCl — WaOs + H;SnCl, + HO 
Oxidation step : Sn** + 6CI 2е <= (псі 
Reduction step : 3WO; + 2H' + 2е = W30; + ЊО 
Adding the two equations, Sn'* + 6СГ + 3WO; + 2H" = [SnClg]* + W305 + НО 


or, ЗМО; + SnCl + 4НС1 = H;[SnCl;] + W30; + HO 
25. Ca(OCl); + КІ + HCl > 1 + CaCl, + НО + KCl 
Oxidation step : 2T -20 == 21 VATE 
Reduction step : 20CY + 4H*+4e = 2CI + 29,0 Ho c3) 


Now multiplying eqn. (i) by 2 and adding the two equations we get, 
20CF + 47 +4H* = 41, + 2СГ + 29,0 


ог, Са(ОС1)» + 4KI + 4HCI = 41, + CaCl, + 4КСІ + 2H,0 
26. KalFe(CN).] + HO: + KOH > K,lFe(CN),] + HO + O2 
Oxidation step : H202 + 20H - 2e = O,+2H,0 Ai) 
Reduction step : [Fe(CN}] +e È [Fe(CNd- + 8) 


Multiplying (ii) by 2апа adding the two half cell equations, 
2[Fe(CN)«J* + НО, + 20H" => 2[Fe(CN)«] + O; + 290 
or, 2K3[Fe(CN).] + Н.О, + 2KOH = 2K,4[Fe(CN)«] + О; + 290 
27. KalFe(CN)<] + H202 + HCl > Ka[Fe(CN).] + KCl + ЊО 
Oxidation step : [Fe(CN)g]* - e = [Fe(CN)g]- soe |} 
Reduction step : Н.О, + 2H' + 2e == 2H,0 xi D 
Multiplying equation (i) by 2 and adding :— 
2[Ее(С№)е + HzO» + 2H* => 2[Fe(CN)]" + 2H,0 
or, 2K,[Fe(CN)g] + Н20 + 2HCI = 2Ks[Fe(CN)g + 29:0 
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28. FeCl, + NH,OH > FeCh + NO + HCI + HO 
Oxidation step : 2NH;OH -4e => N2O + 4H* + HO xe). 
Reduction step : Fe” +e = Fe** soe 
Multiplying equation (ii) by 4 and adding, 

4Fe"* -2NH;OH = 4Fe + NO + 4H’ + HO 


or, 4FeCl; + 2NH;OH = 4FeCl, + N20 + 4HCI + H;O 
29. Mg + H' + As0; > AsH + Mg” + НО 
Oxidation step: Mg-2e = Мұ“ ЛХ 
Reduction step : Аѕ2Оз + 12H* + 12e <> 2AsH; + 3H,0 ЕТЕШ) 


(Note, AsH; is a gas, typical covalent compound and does not ionise, As,0; is sparingly 
soluble in water) 
Multiplying equation (i) by 6 and combining the two half cell reactions, 
6Mg + As0; + 12H” = 2AsH; + 6Mg”* + ЗНО 
30. CoCl, + КМО, + HCl > KjColNOJ,] + NO + KCI + HO 
Oxidation step : Co" + 6МО;-е = [Со(мО,)е > 
Reduction step : NO; + 2H* + е = NO+H,0 
Adding the two half cell reactions, 
Co" + TNO; + 2H* = [Co(NO2)J" + NO + HO 
or, CoCh + 7KNO, + 2НСІ = KsKCO(NO) + NO + H,O + 4KCI 


4.12. Oxidation number of elements and periodic table. 

A close study of periodic table reveals some important generalisation about the change of 
oxidation number of the elements in the groups and periods. These are :— 

(1) Inert gas : Normally the oxidation number of these gases is zero. However variable 
oxidation numbers are observed in xenon e.g., XeF, XeF, XeFs, Na,[XeO«d] (sodium 
perxenate) where the oxidation numbers of xenon are 42, 44, 46 and 48 respectively. 

(2) Representative elements : The elements of the first three groups of the periodic table 
normally form polar compounds. The oxidation number of these elements correspond to the 
positive charges contained in them. г 

Thus (a) The oxidation number of the Gr I elements is +1 since the charge contained in their 
ions is also +1 e.g., K*, Na’, etc. 

NaCl = Na'«Cl. 

(b) The oxidation number of Gr П elements is +2 аз the ions of the elements of this group 
bear +2 charge e.g., Mg, Са“ etc. 

MgCl, == Mg" + 2СГ. 

(c) Similarly the oxidation number of Gr III elements is +3. Thus, boron (B), aluminium 
(Al), gallium (Ga) exhibit +3 oxidation states. In however exhibits + 1 and + 3 oxidation 
states. 

The minimum oxidation number of the metals belonging to Gr Y, Шапа III, is zero while the 
group number is their maximum oxidation number. 

(d) Common oxidation states of Gr IV В elements are +4 and 42. However in CHs carbon 
is in —4 oxidation state (minimum oxidation number of the group). 
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(e) Elements of Group V exhibit oxidation numbers from —3 to +5 e.g., 


-3 1 +2 +3 +4 +5 
NH, NO, NO, N,03, N04, №0; 
(f) The elements of Group VI except oxygen, exhibit oxidation states -2 to + 6, in their 
compounds. T M E] 
HS SO, SO; 
(g) Elements of Gr УП except fluorine, display oxidation states -1 to +7 e.g., 
-l +5 +7 
‘ KCl, KCIO;, KCIO, etc. 

(3) Transitional elements : The common oxidation number of transition elements is +2 
except Ag and Au where the common oxidation states are +1 and +3 respectively. Except Cu, 
Ag and Au, the maximum oxidation state of the transition elements is their group number of 
the periodic table but beyond Mn electron pairing begins in ‘d’ orbitals and as a result the 
maximum oxidation state for the subsequent members does not exceed +6. Variable oxidation 
states is the common feature of 'd' block elements. The common oxidation states of first row 
transition elements (3d) are shown below. 


сс АРК № [е о | Ni Cu 
-1, +1, +2 +2,+3 | +2, +3, + 4, | +2, *3 +1,+2 
+3, +4, +5, +5, +6 +5 +4 +3 
+6, +7 


43 |-1,+1, | =+, -2,-1,+1, 
+6 


+2, +3, | +3, +4, +3, +4, +5, 
+4 +5 +6 

Iron in (+6) oxidation state > sodium ferrate (Na;FeO.). In all carbonyls the oxidation 
states of transition metals is zero e.g., Cr(CO),, Mn2(CO);o, Co2(CO)s etc. 

4.13. Equivalent weight of oxidants and reductants. 

(A) In terms of the concept of oxidation number, the equivalent weight of an oxidant or a 
reductant is the ratio of the atomic weight of the element or the molecular weight of the 
compound to the total change in oxidation number of the oxidised or reduced element per 
molecule in that particular reaction. 


КРЕ ERES Atomic weight or Molecular weight 
4 8 — Total change in oxidation state of the element 


(i) KMnO, is reduced to MnSO, in presence of dilute H,SO, 


+7 +2 
KMnO, —— > MnSO, 


In this case, the change in oxidation number of Mn from +7 to +2 oxidation state 155 i.e., 
5 unit decrease in oxidation state. Hence the equivalent weight of KMnO; in this reaction 


ж Molecular weight of KMnO; _ 158 _ 31:6 
5 


5 
42 +12 -14 46 -6 


(ii) The reduction of K;Cr;O; in dil. HSO4 medium is KiyCrjO; —> Cr2(SOx)3 
Here the total change in oxidation number of two atoms of chromium is from +12 to +6 or 


by 6 units. y 
Molecular weight of K:Cr:0. 
Equivalent weight of K:Cr:07 = меи а a 7 ARCO? _ 49°04 


(iii) In presence of suitable oxidising agent, ferrous ion is converted into Ferric state. 


+2 +6 
2(FeSO,) ———> Fe2(SOx)s 
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Here the change in oxidation number per atom of iron is from +2 to +3 i.e., by 1 unit 


Eq. wt. of Fe = Atomic weight of Iron 


(iv) Oxidation of oxalic acid to carbon dioxide by suitable oxidising agent, 


4246 8 "S 
H,C,0, —— —» 2С0› 


Here the change in oxidation number of two atoms of carbon is from 46 to +8 i.e., 2 units 


of oxidation. EL v 
Mol. wt. of oxalic acid _ 90 
Equivalent weight of oxalic acid = Mot и of tc ac uds 45 


(B) In terms of electronic approach, the equivalent weight of an oxidant or reductant is the 


ratio of the atomic weight of the element orthe molecular weight of the compound to the number 
of electron(s) lost or gained during a particular redox reaction. 


ея a) Atomic weight or molecular weight. 

Eque Number of electron(s) lostor gained peratom or molecule. 

(i) In the following reactions 2Fe + 3Cl, = 2FeCls Fe-3e = Fe” 
- In this reaction Eq. wt. of Fe = Atomic weight 
(ii) In the reaction 2FeCl, + Cl; = 2FeCls Fee SR Fe 
Atomic weight of Iron 
1 

(iii) In the reduction of K;Cr;O; by a reducing agent in presence of acid the half cell 
equation is Cr,0F +14Н' + бе = 2Cr*** + 7H;O 
Molecular weight of K2Cr207 

6 


Here, Equivalent weight of Fe = 


s Equivalent weight of K:Cr:07= 


ө Questions Ө 
1. (a) Explain the term oxidation and reduction in terms of electronic theory. [WBHS ‘81, ‘87, 90) 
(b) Show by examples that oxidation and reduction take place simultaneously. [WBJEE ’81, WBHS '91] 
2. (a) What is oxidation number? How can you explain oxidation in terms of oxidation number. 
[WBHS ‘80, '88, '92] 
(b) Show with examples that same elements may have positive and negative oxidation numbers in 
different compounds. [WBHS ‘88] 
3. Find the oxidation number of C in the following compounds : 
(а) Сни (WBHS ‘78), (Ы CHa, (c) СНС, (d) СО;. [WBHS '89] 
4; Find the oxidation number of nitrogen in the following compounds : 
(a) МН, (b) NH, (c) NH,Cl, (d) NaNO;, (е) NH4NO». 
5. Explain oxidation and reduction with the help of the following equations : 
(a) lı + HS = 2HI +S, (b) 2KCIO; = 2KCl + 302, (e) 2Na + Н; = 2NaH, Id) Mg + H;SC, = MgSO, + He 
(e) Cu + АНМО; = Cu(NO3h + 2NO; + 2H;O, (f) 2F2 + О; = 20F2. 
6. Find the oxidation numbers of the underlined elements їп the following compounds : [WBHS '96] 
HO, FO, MnO, NH 
7. Addition of hydrogen does not always lead to reduction and addition of oxygen does not always meon 
oxidation—Explain the statement with examples. . [WBHS '96] 
8. Zn + H250; = ZnSO, + H2 


Can this reaction be called an oxidation reduction reaction in the light of the electronic concept ? Explain. 
[WBHS '95] 
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9. State which one is oxidised and which one is reduced in the following equations : 
(а) 295 + SO; = 35 + 29:0 
(b) MnO; + 4HCI = MnCl, + 4С + 2H;O 
(c) 201+ Cla = 2KC + 2 
(d) PbS + AHO: = PbSO, + 4H;O 
(е) 6FeSO, + 3H;SO, + 2ММОз = 3Fe,(SO,); + 2NO + 4H;O 
(f) 5Cu  2HNO; = 5CuO + № + HO 
(g) HS + 23аОН = Na2S + 290, 
10. Show that oxidation and reduction does not take place in the following equations : 
(а) CaC; + 2920 = Са(ОН) + сњ 
(b) NaOH + HCI = NaCl + HO 
(c) Cl + Cl = Ch 
(d) PbCO; = PbO + СО; 
(e) BaCl + NazSO, = BaSO, + 3Nacl &. 
(f) CaO + 2HNO; = Ca(NO3); + ЊО 
11. Соп ће oxidation number of ап element be fractional ? Give example. 
[Ans : in KO he ON оО = - 77] 


12. Find the oxidation number of Мп in the following compounds : [WBJEE '86] 
MnSO,, KMnO,, MnOz, КәМпОа 1 

13. Name a compound of Fe having oxidation number +6. [Ans : Na;FeO,] [WBJEE '88] 

14. Show by example that S can have both positive and negative oxidation states. [WBJEE /88] 

15. What is the oxidation number of S in H2505 and H;S;Os ? [WBJEE '92] 


16. Determine the oxidation numbers of the underlined atoms. 
(a) HP2O7 (b) PaHz (c) PH. (d)Ba;XeO, (e) Lia Na[HV1002s] (f) C02 
(g VO; (Оз M Ba(CIO,h (i) KS. (k) СНО. (0 07 
үй 17. Comment on the statement that valency and oxidation number of an element may not necessarily be 
same. 
18. Find the oxidation numbers of the elements underlined : 
(о) [Co(NHa)4Cl2]CI (b) KAFelCN]4]. (с КАС] (d) Na{Fe(CN)sNO] (е) K[Ag(CNI;] 
(f [CNH3Ch. (g) МСО), (h) Co4COl (i Fe(CO)s (i) (Собни) (НОСІ 
ө Objective Type Questions : 
1. Choose the correct answer : 
(a) The oxidation number of carbon in CH;O is 


()O (ii) -2 (11) +2 (iv) +4 [Ans : (i)] 
(b) The oxidation number of P in BaH;PO;); is 

()43 (ii) +2 (iii) +1 (м) -1 [Ans : iii] Т. '90] 
(с) When KMnO, is reduced with oxalic acid in acidic medium һе oxidation number of Mn changes from 

(1704 (1) 6ю4 (iii) 702. (iv) 4102 [Ans : iii] [M.LN.R. '87] 
(d) The equivalent weight of MnSO, is half of its mol, wt. when it is converted to 

(i) MnO; (ii) MnO; (iii) MnO? (м) MnO; [Ans : ii] Т. '88] 
(е) The oxidation number of N in CaN? is 

()-3 (ii) - 2 (ii) + 3 (iv) -1 [Ans : (i)] 


(f) In the reaction 4Fe + ЗО» 5 4Ёе'* + 607 whidh of the following statement is incorrect 

(i) It is a redox reaction (ii) Metallic iron is a reducing agent 

(iii) Ре" is on oxidising agent (iv) Metallic iron is reduced to Fe*** [Ans : (iv)) [M.LN.R. 91) 
(g) In which of the following compounds Cr has minimum oxidation number 

(i) Как, (ш CrOzCh (й) CHCO)s (iv) СО [Ans : (iii]] 
(h) The conversion of CiHz/On > СО, is an example of Z 

(i) Oxidation, (ii) Reduction, (iii) Both ‘oxidation and reduction, {iv) None of the above. [Ans : (0) 


СН-ПЛ12 
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(i) In the following reaction 3Br2 + 6COF + ЗНО = 5Br + BrOs + 6HCOs 

(i) Bromine is oxidised and carbonate is reduced 

(ii) Bromine is reduced while water is oxidised 

(iii) Bromine is oxidised but not reduced 

(iv) Bromine is both oxidised and reduced. [Ans : (iv)] 
(j) The reaction between P and NaOH to form PH; and МаН;РО; is an example of 

(i) Oxidation, (ii) Reduction, (iii) Oxidation and reduction, . (iv) Neutralisation. [Ans : (iii)] Ш.Т. *80] 
Ik} In which of the following reactions 5 electrons are transferred 

(i) CrıO?F 5 2С" (ii) MnO, > MnO; (i) СО 2 Си (iv) MnO ээ Мп [Ans : (iv)] 
() The oxidation state of one of the following elements is constant in all of its compounds 


(i) He (ii) C (iti) O2 (iv) F2 [Ans : (iv)] 
(m) The formula of the brown ring compound is [ке(н;О)» (NO)*]SOx. 
The oxidation state of Fe in the complex is (i) 1 (ii) 2 (ii) 3 (iv) 2/4 [Ans : {i)] ПТ. *87] 


(п) In which of the following compounds Fe has.the lowest oxidation state ? 
(i) FeSOx, (NH4)2SOu, 6H,O (ii) KalFe(CN)e] (iii) Fe(CO)s (iv) Feos/O- [Ans : (iii)] [M.LN.R. '84] 
(о) If 3 electrons are lost from a metallic ion M***, the final oxidation state of the ion is 


(i) 0. (ii) +6 (ii) -6 (iv) +2 [Ans : (ii)] 
(p) Which of the transition element has zero oxidation number in the following compounds ? 
(i) [CO[NHa)sICl2 (ii) [Fe(HO)«]SO« (iii) МСО), (iv) [Fe(HzO)a (ОН) [Ans : (iii)] 


(9) One mole of Ни loses ten mole of electrons to form a new compound Y. Assuming that all nitrogen 
appears in the new compound what is the oxidation state of nitrogen in Y ? There is no change in oxidation 
stole of hydrogen 
(0-1 (W-3 (ій) +3 (м) +5 [Ans : (iii)] ГЫТ. '81] 
(r) A solution of sodium metal in liquid ammonia is strongly reducing due to the presence of 
(i) Solvated electron (ii) NaOH (iii) NaNH2 (iw) Sodium atom [Ans : (i)] [M.P.P.M.T. 189] 
(5) The oxidation number of S in Marshal's acid is 


(i) +7 (ii) +8 (iii) +6 (iv) +4 [Ans : (iii)] 
2. Fill in the blanks : 

(i) Of the halide ions is the most powerful reducing agent (1.1.7. ‘80) 

(ii) The oxidation number of Cl in NaClO; is 

(iii) The lowest possible oxidation state of nitrogen is галт, *80] 


(iv) The formation of positive ion from an atom is 

(v) The normal oxidation state of O2 is but in H;O; the oxidation state of oxygen is... — 

(vi) The compound in which the oxidation state of oxygen is +2 is А 

(vii) The compound in which the oxidation state of hydrogen is -1 is... 

(ix) The oxidation state of nitrogen in HCN is { 

(x) The oxidation state of oxygen in potassium super oxide is 
3; Balance Ње following equations by oxidation number method : 


(i) KMnO, + HCl ^ KCl + MnCl + С, + HO [W.B.H.S. '96] 
. (ii) CuO + NH3 > Cu + N + HO [M.LN.R. '88] 

(iii) MnO, + HCl > MnClz + Cl + HO [M.LN.R. '89] 

(iv) K2Cr207 + HCl > KCl + CrCl + Cl + НО [M.LN.R. '88] 

(v) Hg + Н50, — HgSO, + SO2 + H:O 

(vi) CoH, + О; 2 СО; + H,O 

(vii) HgSO, > Hg2SOx + $О; + Hg + о, 

(viii) Cu + HNO; — Cu(NO3)2 + NO + HO [WBHS '93, WBJEE “83, WBHS *90] 

(ix) HS + SO; > S + О 


(x) HS + к;Сг;О; + H;SO, э К250; + CrdSO4 + S + ЊО 


6. 


7. 
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lxi) FeCl; + H2S  FeCl; + 5 + HCl 

(xii) KMnO, + FeSO, + Hj$0, ^ K2SO, + MnSO, + Fe;[SO4); + ЊО 
(xiii) Zn + HCl > ZnCl, + Н 

(xiv) С + H250, > СО; + SO; + H,O 

(xv) S + H2504 — ЊО + SO; 

(xvi) Py + NaOH + HO PH; + NaH2PO2 

(xvii) NazS2O3 + KMnO, + HO э KeSOx + Na;SO, + MnO; + KOH 
(xviii) Cra{SOx)3 + KMnO, + H20 2 H;CrO, + Мл$О, + K;SO, + Н;$О, 
(xix) CrgQ3 + Ма;О; + HO > No;CrO, + NaOH 

(хх) KMnO;  H;SO, + HO: — K2SO, + MnSO, + HO + О; 


. Complete and balance : 


(i) NH; + NaOCl > ...... TOR 3.2 

(ii) AgBr + Ма;5;Оз > ...... "mo 

(iii) (INH4)2S2Os + HO + MnSO, > ...... И ол? 
(iv) KNO; + К ...... +... 

(у) SOdaq) + Сг;Оу + 2H* > ...... 

(vi) Sn + KOH + ЊО 2 ...... 

(vii) Соб; + КМО, + HCl К [CoNOJ)4]  -..--- 
(viii) СНЈСНО + Cr,07* > ...... 

(ix) KI + Clo ...... 

(x) KCIO; + lo ...... 


. Complete and balance the following equations : 


(i) Fe** + NOx + H* э Fe +... + HO 


(ii) NH + Cl; (excess) ..... 4 HCI 
(iii) КмпО, + H2504 + ЊО; .... + K250, + HO +.... 
(iv) Ag + CN- + O2 + ...... ә... + OH 


[WBJEE '85] ` 


IWBHS '92] 


(И.Т. 93] 
(LT. "93] 
(LL. '93] 


11.7. 94] 
АТ. '94] 


IL.L.T. 96] 
(ИЛ. '96] 


[Roorkee Eng. '96] 


The compound Y Ba;Cu;O; which shows super conductivity has copper in oxidation state ....... . Assume 
that the rare earth yttrium is in its usual +3 oxidation state. 


Complete and balance the following equations by ion-electron method : 


(i) Г+МО 2 b 1 NO (Acid solution) 
|) MnO, > MnO, + O2 (Alkaline solution) 
(iii) Zn + AsO — AsHs (Acid solution) 
(iv) Zn + ReO; 5 Re (Acid solution) 
мМ Cb + IO; > Юг (Alkaline solution) 
(vi) Y> [HV4O:7] + Н (Alkaline solution) 
(vii) Au + CN + O2 > [АСМА (Aqueous solution) 


(viii) [VIOHLICI + FeCl, + 2HCl > 
(ix) MnO, + СНОН ^ Мп + НСООН | (Acidic solution) 
(х) AsO; + NOs — HAsO, + N,O3 (Acidic solution) 


(xi) MnO, + Br э MnO? + ВЮзг (Basic solution) 
(х) [РОН + СО PbO» + CT (Basic solution) 
(xiii) HCN + Cu** ә (СМ) + CuCN (Acidic solution) 
(xiv) Н5еОз + HS > Se + НОГ (Acidic solution) 


(xv) CrO, + HSnOz > HSnO; + CrOz (Basic solution) 


(ы. '94] [Ans : = + $ ] 


GEN 
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ELECTRO-CHEMICAL CELLS 


5.1. Galvanic cell. 

We are familiar with two types of electro-chemical cells. 

(a) Electrolytic cell and (b) Galvanic or voltaic cell. 

These two cells are entirely different in operation. In electrolytic cells electrical energy is 
transformed into chemical energy i.e., chemical reaction takes place by the passage of electric 
current (Electrolysis) while in galvanic cells chemical energy is converted into electrical 
energy \.е., electricity is developed as a result of chemical reaction at the two electrodes. 
Galvanic cells are thus the source of electricity although small in quantity. In electrolytic cells 
electrons are fed into the cell from the external circuit. The electrode which receives electrons 
becomes electron rich and becomes negatively charged and is called cathode. The other 
electrode is automatically positively charged and is called anode. Oxidation takes place at the 
anode and reduction at the cathode. ; 

But in galvanic cell anode is the negative electrode because oxidation takes place here. 
Electrons are temporarily accumulated here and the electrons thus released by the anode are sent 
to the external circuit and received by the cathode. Here, cathode is the positive electrode. 
Hence the signs of cathode and anode in the two cells are just the opposite. Thus in galvanic 
cell anode reaction is oxidation while cathode reaction is reduction. 

Flow ote” Flow of current 


` Fig. 5.1 : Galvanic cell 

Daniel cell is a typical example of a galvanic cell. It consists of a zinc plate immersed in 
asolution of /M ZnSO, and aplate of copper dipped into 1M CuSO, solution. The two solutions 
are kept apart either by a porous partition or by a salt bridge. This allows electrons to flow from 
one compartment to the other but prevents mixing of the two solutions since ina galvanic cell 
the oxidant and the reductant must not come in direct contact. Yf the zinc and the copper plates 
are connected by a wire through a potentiometer (E.M.F. measuring instrument), the latter will 
register deflection indicating a flow of current through the system. п Daniel cell the copper 
plate is the positive electrode (cathode) while zinc plate is the negative electrode ( anode). 
Electrons flow from zinc to copper in the external circuit and current is said to flow in the 
opposite direction from copper to zinc as shown in the diagram. d 

е Origin of electric current in a galvanic сей : 

The above cell generates an e.m.f of 1 10 volt so long as the circuit is complete. Here Zn plate is in contact 
with Zn?* ions (1M ZnSO, solution). Each of the zinc atoms from the zinc plate is oxidised to form Zn** ion by the 


loss of 2 electrons. 
Zn 4 Zn* «2e 
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їп" ions thus produced pass into the solution and the electrons left by them flow away from the zinc plate 
[sine temporarily electrons are generated at ће zinc electrode, it is referred ю as negative electrode) to he 
copper plate. 

The copper plate is in contact with Си ions (1M copper sulphate solution). Here each Cu** ion accepts two 
electrons coming from zinc plate and are deposited on the copper plate as metallic copper. 

Cu” «2e э Cu 

The flow of electrons from zinc plate to copper plate is responsible for the generation of current by cell. The 

overall chemical reaction is 
Zn + Cu 4 Zn* + Cu 

The liberation of electrical energy is attributed to the above overall chemical reaction taking place in the cell. 

As the reaction proceeds, the zinc plate decreases in weight, copper plate increases in weight, concentration of 
. Cu* ion decreases while the concentration of Zn** ion increases. 

° Direction of Current : The direction of the current is dictated by the relative ease of ionisation of the мо 
electrodes. Since zinc is more electropositive than copper, the tendency of the former to undergo ionisation is 
greater than the latter. Hence electrons flow from zinc to copper and as а result current flows from copper fo zinc. 

: But if zinc plate dipped in 1M ZnSO, solution is coupled with more electro-positive electrode say magnesium 
dipped in 1M MgSO,, then flow of current will be from Zn to Mg. The tendency of Mg to ionise is greater than 
that of Zn. In that case electrons will flow from Mg to Zn, the latter becomes positive electrode. 

5.2. Cell E.M.F. and cell potential. 

A galvanic cell is regarded to possess a driving force or electrical pressure which pushes 
electrons through the external circuit. This driving force is known electromotive force 
(e. m. f.). It is measured in volt and is also known as. as cell potential. The above galvanic 
cell generates ап e.m.f. of 1 `10 volt when operated under standard condition. By the term 
standard condition we mean that the concentration of the reactants and the products must 
be 1M and if they are gases then their pressure must be 1 atmosphere. The emf of a cell is 
denoted by the symbol Е. = 

The emf of a cell when operated under standard condition is called standard emf which is 
denoted by the symbol E 9. Я 

The emf of any cell is controlled by (i) the nature of the chemical reaction, (ii) the 
concentration of the reactants and the products, (iii) the temperature of the cell (the cell 
temperature is kept at 25°C). 

ө Representation of a galvanic cell : 

The schematic diagram of a galvanic cell is shown in Fig 5.1. The standard convention to 
represent the galvanic cell is as follows— 


Anode | Anodic electrolyte | | Cathodic electrolyte | Cathode 
©. (+) 
Zn (s) ZnSO, (aq) Il CuSO, (aq) Cu (5) 
Anode 1M 1M Cathode 
or 
Zn (s) | Zn'* (aq) Il Cu* (ag) ‘Cu (s) 
Anode 1M Salt bridge 1M Cathode 
Oxidation Reduction | 


Thelefthand side electrode e.g., Znelectrodeis anode. It becomes negatively charged when 
the electrode reaction is oxidation. The right hand side electrode e.g., Cu electrode is cathode 
which is positively charged and reduction takes place here. 

Ifthe cell generates current ie. if a spontaneous reaction takes place in the cell, the overall 
reactions in the cell are— 


182 ELEMENTS OF CHEMISTRY 


Atanode (negative electrode) : Oxidation takes place. Zn(s)  -2e = Zn**(aq) 

At cathode (positive electrode) : Reduction takes place. Cu**(aq) + 2e = Cu(s) 

The overall reaction is— Zn(s) + Cu**(ag) == Zn**(ag) + Cu(s) 

ам) ам) 

(1) Thus if the reaction of the cell is spontaneous, the cell will generate current and in that 
case oxidation takes place at the negative electrode i.e., at anode and reduction takes place at 
the positive electrode i.e., at cathode. 

The left hand side electrode is anode while the right hand side electrode.is cathode, or in , 
other words oxidation occurs at the left hand side electrode of the cell while reduction takes 
place on right hand side electrode of the cell. 

(2). The single vertical line represents separation of solid electrode and the electrolytic 
solution. The double vertical line indicates salt bridge which connects the two half cells. A 
complete cell is formed by connecting two half cells by a salt bridge. 

The above cell is sometimes represented by the following scheme : 


Zn(s, Zn (ag) | Cu(ag), Сиб) 
1M 1M 


Here single vertical line represents the separation of two half cells by a salt bridge while 
commas represent the separation between solid electrode and electrolytic solution. 


5.3. Electrode potential or half cell potential. 
When a metal is immersed in a solution containing its own ions say, Zn in ZnSO; solution, 
a half cell is formed. п such half cell a potential difference is established between the metal 
and the solution. Such potential difference is called electrode potential or better single 
electrode potential. д 
The potential of any electrode is the potential difference between the electrode and the 
solution of its own ions. A complete cell arises when two such half cells are combined via a salt 
bridge. Joining the two electrodes by a wire and connecting to a potentiometer, the potential 
of the cell can be measured. 
Inahalfcell having a solid metal M kept immersed in a solution of its own ion, the following 
two opposite tendencies may develop. ү 
(i) The solid metal М may give away electrons to produce ions which go into the solution. 
M-ne- = М" 
(ii) The ions in the electrolytic solution (M"*) may collect the necessary electrons to be 
neutralised to form the metal which deposits on the electrode. 
M"*+ne == М 
The half cell potential or electrode potential develops when one of the above tendencies 
exceeds the other. This potential is of two types— (a) Oxidation potential and (b) Reduction 
potential. 
(a) Oxidation potential is the electrode potential between the metal and its own ions, if the 
tendency of the metal to form cations (tendency to lose electrons) is greater. 
M-ne М" 
(b) Reduction potential is the electrode potential between the metal and its own ions, ifthe 
tendency of the metal ions to convert into metal (tendency to gain electrons) is greater. 
M"™+ne =M 
Oxidation and reduction potentials may be visualised to be developed in the following . 
processes. 
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When an electrode made of noble metal e.g., platinum is kept immersed in a solution of an 
oxidising or a reducing agent, the metal being a good conductor, either loses some electrons 
to the oxidising agent (beaker А) or gains some electrons from the reducing agent (beaker B). 


Fig. 5:2: 

The electrode thus acquires some positive or negative charge temporarily so long as the metal 
isin contact with the solution ata definite potential which balances the tendency of the electrons 
to redistribution. If the oxidising agent is strong, more positive charge will be acquired on the 
Pt electrode. Similarly if the reducing agent is strong, more negative charge will be acquired 
on the surface of the Pt electrode. The potential to which an electrode is charged i.e., the 
potential which is developed when the Pt electrode is dipped into an oxidising agent, isa 
measure of the strength of the oxidising agenti.e., oxidising activity of the solution and is termed 
as reduction potential (beaker A) and the other electrode potential is called oxidation potential 
when the Pt electrode is dipped into reducing agent. Oxidation potential measures the strength 
of reducing activity of the solution. Thus both oxidation potential and reduction potential are 
nothing but electrode potential or half cell potential between an electrode of noble metal and 
solution of an oxidising agent or reducing agent. 


5.A.. Standard Electrode Potential (E ^)— method of determination. 

The electrode potential of a half cell at 25°С and I molar solution of its ions is called the 
standard electrode potential i.e., standard oxidation potential (E 9) and standard reduction 
potential (E Rea). ДЫ 

Since total cell reaction may be regarded 
asthe sum of two half reactions, the potential Pt wire 
of a cell can be regarded as the sum of two 
half cell potentials i.e. loss of electron(s) at 
the anode (oxidation potential Eox) and 
gain ofelectron(s) at the cathode (reduction 
potential Е Rea). 

Een = Eð: + Е Red 

The electrode potential (oxidation or 
reduction potential) of a half cell can be 
determined by constructing a galvanic cell 
in which a standard electrode acts as a 
reference half cell. The emf of the galvanic - 
cell thus produced is measured by a Standard Н; electrode (SHE) 
potentiometer. The electrode potential of Fig. 5.3 : j 
the desired half cell is evaluated from the measured value of the emf of the celland the electrode 
potential of the standard reference electrode whose potential is arbitrarily chosen as a fixed 


Pt foil 
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value at standard state. The reference electrode is the standard hydrogen electrode (S H E). The 
electrode potential of the desired half cell is denoted by E E" 


ө Reference electrode : . 

A standard hydrogen electrode (S H E) consists of a Pt wire coated electrolytically with 
Pt black having a Pt foil at the bottom. The wire and the foil are encased in a glass tube having 
a side tube. The whole is dipped into 1M НСІ. Chemically pure and dry H, gas 1 atmosphere. 
pressure is passed through the side tube. It is adsorbed by the Pt wire and Pt foil, the excess 
Н, gas is escaped through a small aperture at the end of the electrode. Due to the adsorption 
of H; gas the electrode behaves as if it were made up of H;. The potential of the standard 
hydrogen electrode is arbitrarily taken as zero. A standard hydrogen electrode (S H E) is 
represented as follows— р 

Pt [H; (g ), 1 atms.] / НСІ (ад) 1 M. 


5.5. Determination of standard electrode potential of a half cell. 


A metal electrode is dipped in 1M solution of an electrolyte which contains the metal ions. 
This constitutes the metal-metal ion electrode. M | M "*(aq) e.g., Cu / Cu**(aq), Zn / Zn**(aq). 

: This half cell is then connected to 
the standard hydrogen electrode 
via a salt bridge. The electrodes of 
the two half cells are connected 
toapotentiometer. Since by conven- 
tion Eis нк) = 0, the emf of the cell 
as shown in the potentiometer is 
equal to the standard electrode 
potential of the half cell under 
investigation. In the measurement 
of standard electrode potential 
of Cu?*/ Cu electrode, the assembly 
of galvanic may be represented 

Fig. 5.4 : ` as 

Pt (H; g 1 atms.) | H* (aq) 1 M |l Cu” (aq) 1 M | Cu(s) 

ө Determination of E %.3+/re?+: 

Let us determine the reduction 
potential of say Fe?*/Fe?* electrode. The 
electrode is combined with a standard Pf wire 
hydrogen electrode to form a cell as 
shown in'the diagram. His 

Apparatus : The glass beaker A 
containing | M НСІ is a standard 
hydrogen electrode while beaker B 
contains equal quantity of FeCl; and 
FeCl; solution having 1M solution each. 
The total volume of the solution in each 
beaker must be the same. Thus all the 
ions Ht, Fe?* and Fe? are of unit 
concentration. A platinum electrode is 
dipped in the solution in beaker B. The 
electrodes of the two half cells are 
connected to a potentiometer (P) to 


Potentiometer 
Salt bridge 


Fig. 5.5: 


record the emf of the cell. As soon as the salt bridge is inserted into the circuit the potentiometer 
records the potential of the cell. 
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@ Reaction of the cell : 

The above cell can be conveniently represented as follows— 
Anode (2) © Cathode 

Pt| H, H* | | Fe*, Fe* | Pt 


latms 1M 1M 1M 


The negative pole of the cell (L. H. S electrode) is standard hydrogen electrode while the 
Dosis pole (R. Н. S electrode) is the Pt electrode dipped in the solution containing Fe?* and 
Fe** ions.. 

Oxidation takes place at the negative pole (anode) H = 2e — 2H* 

Reduction takes place at the positive pole ( cathode) 2Fe*42e — 2Fe* 

The liberated electrons travel through the metallic wire from the anode to cathode. At the 
cathode, the electrons are accepted by Fe ion and thereby it is reduced to Бе?" state. 

The overall reaction taking place in the cell is; 

2Fe* + Н, = 2Ее* +2Н* 

The potential, recorded by the potentiometer is experimentally found to be + 0777 volt. 

This emf of the cell represents the difference of potential between the two electrodes. Since 
the conditions are standard, the emf of the cell will also be standard emf of the cell. The 
corresponding reduction potential will be E hed: 

жЕ = Ekorre = Ern 

Since E 3m = 0, The Е° = Epor- 0 

ог, Елун = Е =+ 0°77 volt. 

e Sign of the standard electrode potential : 

When the electrode is connected to the positive terminal and $ Н E is connected to the 
negative terminal of the potentiometer, the potential difference (emf) obtained from the cells 
will be positive. Thus in the following cell— 


Pt | Н, (g 1 atms)| H* (aq) 1M || Си? (ag) 1M | Cu(s) 


the E&,%/cy i.e., standard electrode potential of Cu**/Cu half cell is positive. 

When the electrode is connected to the negative terminal and S H E is connected to the 
positive terminal of the potentiometer, the potential difference (emf) obtained from the cell will 
be negative. Thus in the following cell— 


Zn(s) | Zn?* (aq) 1M || H* (aq) 1M | H; (g, 1 atms)| Pt 


the standard electrode potential of E on? rza half cell is negative. 
Thus E 4,3, pe = + 077 here the + sign shows that Fe?*/ Fe?* electrode acts as positive pole 


when combined with S H E. In this case Н, is. oxidised to H* ion. If its value were negative then 
itwouldactas negative pole, givingelectrons to H* ions reducing them to Н; during the working 
of the cell. 

The numerical value +0'77 volt for the system Fe?'/ Fe” is a measure of the power of Fe” 
ion to oxidise H; to H* ion. 

e Significance of sign : 

A positive value of E? suggests that the concerned electrode has greater tendency to attract 
electrons as compared to Нз ї.е., reduction is more favourable on the concerned electrode. 
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` A negative value of E? suggests that hydrogen electrode has greater tendency to attract 
electrons than the concerned electrode, i.e., oxidation is more favourable on the concerned 
electrode. 


(i) To evaluate E tzer 


Hj = 2e0 = 28" (anode) 
Clash 2e sie 2Cr (cathode) 
ыр с соок no н саса + чё V I 

The overall reactionis— Н; + С, = 2H’ + 2Cr 


The cell potential is 1°36 volt so Eg = 1'36 = E tyner = E utim 
or, Epner = + 136 volt as E Sutin, =0 
(ii) To evaluate Е 2+, 


HEE = 2H’ (anode) 
Cu* + 2e = Си (cathode) 
Overall reaction— H, + Cu* = 2H* + Cu 


The emf of cell Е. = + 0°34 volt. Е = Ёс = Енн, 

or, 0342 Ес 0. ог, EG =+ 0°34 volt. 

A comparison of the E^ values of the three electrodes (E fe” /Fe?*, E Gcr E Gc) indicates 
that free Cl, has much higher tendency to gain electrons than those of Fe** and Cu?* ions or in 
other words it has much higher oxidising power. 

Accordingly Cl- ion is weaker reducing agent than both Fe?* and metallic copper. 


5.6. Electro-chemical series. 

When the elements are arranged in the order of their standard reduction potential (E kea), an 
important series known as electro-chemical or electro-motive series is obtained. Ef, is a 
quantitative measure of readiness of | the element to lose electrons. The series is arranged in the 
order of increasing strength as oxidant and decreasing strength of reducing agent. Those 
elements having E 4,4 negative can easily liberate hydrogen from H* ions in aqueous medium 
and those with positive value can oxidise H; to H* ion. Thus Li occupying the top most position 
in the series is the strongest reducing agent while fluorine is the strongest oxidising agent as 
it occupies the bottom of the series. 


Electro-Chemical or Electro Potential series of elements : 


Electrode | Electrode reaction, oxidation | Eo, (V) | Electrode Electrode reaction, reduction | Ema (V) |; 
| un ü > Lt +e 4304 | Lit/li lt e ә l -3'04 
K/K* 2 K +e +2925 | K'/K Kee i Ko 912925 
Cs/Cs* > Ct «e +2923 | C&'/Cs | Ct + e > Cs |-2923 
Ba/Ba® э Bo + 2e ' | Ba*/Ba | Ba + 2e > Ba |-29 
со/Са” + сан + 2e |4287 | со®/Са | Co" + 2e — Co |-287 
Na/Na* э Not + е +271 | Nat/Na | Nat + e > Ма |-271 
Mg/Mg^* + Mg* + 2e |+2°37 | Mg^*/Mg| Mg* + 2e э Mg |- 2°37 | 
AV/AP* a AM + Зе |+1`6 | АВА | АВ + Зе э А! |-1`66 
Mn/Mn?* 4 Mn + 2e |+1:18 | Mn%/Mn| Мп? + 2e э Mn 21718... 
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Electrode | Electrode reaction, oxidation | Eb M Electrode | Electrode reaction, reduction 
Zn/Zn** In ә Zm* + 2e | +076 Zn*/2n | Zn* + 2e > Zn 
Fe/Fe?* Fe  Fe&* + 2е |+ 044 | Fe?/ Fe | Fe* + 2e э 
Co/Co?* Co > Сож + 2e | +0'29 Co*/Co| Co* + 2e э 
Ni/Ni?* Ni > М? + 2e |+022 | N*/Ni Ni + 2e > 
Sn/Sn?* $n — бт + 2e |+ @їз | Sn%/Sn | Sn* + 2e > 
Pb/Pb?* Pb э Pb* + 2e |+0'17 Pb*/Pb | Pb? + 2e > 
Fe/Fe* fe — Fe* + Зе | +0° 036 Fe*/Fe | Fe* + 3e > 
H;/2H* Ha e. 2H*. +. 2е 0 29/9 | 2H + 2e э 
Cu/Cu* Cu —2 Cu + 2e |-034 Cu/Cu | Cu* + 2e э 

2F/h 2 9 ا‎ 4 2e '|-0:58. | b/2t- lh + 20 2 
Ag/Ag* Ag ә Ag + e -08 Ag/Ag| Ag + e > 

Br-/ Br; Br э Brat e -107 | Br/2Br | В; + 2e > 
C/C Co W4Ch* e -v36 | dJ2d | © + 2e ә 

Av/ Av? Av — Ау” + Зе |-V50 Av*/Au| Av* + Зе > 
FF; poc Е те -287 | h/2F Ь “+2 э 


A close scrutiny of the numerical values of the standard. electrode potentials (Ekea 
reduction) in the electro-chemical series, reveals the following interesting points. 

(i) Larger values of the standard oxidation potential (ЕФ) or lower values of the standard 
reduction potential (E ka) indicate greater tendency of the metal to lose electrons i.e., higher 
metallic or electro-positive character. 

(ii) A negative value of reduction potential [E tii =- 3:04 V] indicates that the metal has 
a greater tendency to lose electron i.e:, to be oxidised into its own ion than the tendency of its 
ion to be reduced by gaining electron. 

(iii) A positive reduction potential value indicates that the tendency of the metal ion to be 
reduced by gaining electron, is more than the tendency of the metal to be oxidised by losing 
electron. 

(iv) An element having higher negative potential will replace all others below it with lower 
negative potential values. from their aqueous salt solutions. Thus Zn will replace Cu” from an 
aqueous solution of CuSO, i.e., Zn will reduce Cu% and itself will be oxidised. 

ЕЎ та = — 0°76 volt, 
Ес = + 034 volt. 

Hence the reaction is Zn + Cu — Cu + Zn?* and not the reverse one. 

(v) The higher the standard reduction potential ( Eka) of an element, the stronger is 
the oxidising power of its oxidised form and weaker is the reducing power of its reduced 
form. 

(vi) An oxidising agent with higher E fea value can oxidise а system with lower E, value. 
Thus the numerical magnitude of E fea value is a measure of the strength of an oxidant. All 
oxidising agents are characterised by high value of Efe €.» since Еў„зк- = 2 87 volt, F;is 
one of the strongest oxidising agents and no common oxidants are known which can oxidise 
fluoride ion to fluorine gas. j 


——————————— LC 
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(vii) All half cell reactions are reversible, Zn?* + 2e = Zn 
Hence the half cell potential of any oxidation is equal in magnitude but opposite in sign to 
that of the reverse process i.e., reduction. 
Zn -2e + Zn* (oxidation) E%, =+ 0°76 volt 
Zn* + 2е э Zn (reduction) Ej =— 0°76 volt 
or, in other words, for any particular system [M"* + пе =M] Eo, = -E Rea: 


5.7. Reüuction Potential-Concentration of electrolyte-Nernst equation. 

Electrode potential depends upon the concentration of the species in solution, so also emf 
ofa galvanic cell is controlled by the concentration of the ions. Nernst equation gives a relation 
between e.m.f of a galvanic cell and the concentration of ions in solution. The equation is 
deduced as follows— 

Let us consider a reversible reaction ОА + BB‘=yC+6D 

den [C [D]? 
Equilibrium constant К = TAI [В]? 

We know from thermodynamics that, decrease of free energy (AG) measures the tendency 
of a chemical reaction to reach the equilibrium state. If G = total free energy of the reactants 
and G; = total free energy of the products then, AG = G;- Gi 

If G, > G; then AG = negative. 

Anegative AG ofa reaction implies its spontaneity. AG isa measure of the ability ofa system 
to do useful work. Since we can draw electricity from a galvanic cell, it implies that a 
spontaneous reaction is going on inside the cell and hence AG of such reaction must benegative. 
Electrical work is the result of the decrease of free energy of the cell reaction. 


We know that, the electrical work obtained from any spontaneous reaction supplying nF 
coulomb of electricity at a potential E is given by 


Net electrical work =nFE. Again net electrical work2-AG <. AG=-nFE 
Applying standard state AG" = -nFE^ | 
Again from thermodynamics, AG is related to K by the following equation : 
AG = AG" +RTInK 
Substituting the value of AG, -nFE = – пЕЕ° + RTInK 


RT 
пер cs 
nF In K 


DE E zs RT 1 [CT [р}%. 


ла 
nF {AJ (BI Q 
Putting R = 83 J, T= 273 + 25 = 298 К and F = 96500 coulomb. 
t ' ô 
We get, Еск 83X298 , 2-303 tog ICI UDI 
nx 96500 ОЁ (AF [BP 
0059. [CI [D] 
E=E°- log ———— . 2 
? [AF [BP 


This is the fundamental form of Nernst equation. This can be applied in both oxidation and 
reduction process: 


(i) If we represent an oxidation reaction as follows— 
Reductant – пе <> Oxidant. 
Here product is Ох and reactant is Red. 
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о 9059 [Ox 

E=E 29059 jog edere 
Equation (3) is one form of Nernst equation. 

Here [Ox] = concentration oxidant and [Red] = concentration of reductant, 
When [Ox] = [Red], then E = E°. E^ is called standard oxidation potential. 


(ii) If we represent a reduction reaction in the following way Oxidant + пе < Кейисіат 
then applying Nernst equation, 


-go p 0059 jog لکا‎ 
or, EZE"* = 108 кеа] ....@ 

Equation (4) is another form of Nernst equation. 

Here also when [Ox] = [Red]; then E = E^. In this case, E^ is called standard reduction 
potential. 

Thus if we represent a equation as Reductant — пе <= Oxidant. 

3 0099 [Ox] 
Nernst equation would be Баре Sr log Тел 


But if we represent (ће equation as Ох + ne г Red, Nernst equation takes the form of 
E=E°+ 97059 log 10x) 
n [Red] 
р (iii) Both are infact, two forms of Nernst equation, but it must be remembered that 
Eo, =- Eren like E; = = E fed 
This can be shown as follows : Let us find the emf of the Zn electrode Zn | Zn** (C 7 0 1M) 
(a) If the reaction is oxidation : Zn (s) – 2e г Zn" (01M) 
0059, [Zn] 
Еді» = Ез —— 108 [Zn] 
n = number of electrons changed = 2. Since Zn is solid its concentration is assumed to 
be = 1. 


Again, Ет = +0`76 volt. 
Ezzat = 0°76 T log > = 0°76 + 070295 
= 0'7895 volt = 0°79 volt. 
(b) If, on the other hand, the reaction involved is a reduction one, Zn* (01M) +2е = Zn (s) 
0°059, [Zn] с x 
Ета =E + Г РГУ Ее» == 016 V 
Ep =- 0°76 , log o = -076+ CR log01 
ў 0:059. A © - г. , 
=-0°76+ 2 logig* - 0 76-5 


=-0`7895 V = – 0779 volt 


Epit = = Ешй 
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e Properties of standard electrode potential (E?) : 

In answering problems involving E, the following three points should be carefully remembered. 

(i) We know that, intensive properties are those whose values do not depend upon the amount of material 
chosen. Colour, physical state, temperature, density efc., are the examples of intensive properties. Like these E? 
is also an intensive property. Hence in whatever way we write, its value remains same i.e., 

Ch + 2e = 2С E? = 1°36 Volt 
Pay + eS CF E? = 1°36 Volt 
ЕФ, sar = Epc cr 

But AGis an extensive property like heat content and mass, because they depend on the amount of material. 

Remember, that AG for the 3rd half cell reaction can be found out by addition or substraction, but E? value 
can not be evaluated by this process. In such cases apply the process shown above. 

The E? value of a third half cell reaction may be obtained as the sum of the E? values of intervening couples, 
each multiplied by the number of electrons i ед, divided by the total number of electrons involved in the new 
half cell reaction. 

Thus, let us calculate E $t + умло from the following potential diagram. 


Mn 1197, ма? USI Y Mn z995Y MnO, -226V MnO? MnO, 


19 V5) 95v 26V - 0 v ә 
Мп suns) diens Mn®* 995Y MnO, 22% MnOz Sth Nag 


[3431 
1 x (-1°51) + 1 x (-0°95) «2x (-2:26) + 1 x (-0:564) 
E? awor nn TTT =-1°51 Volt. 
5 
„ln other words for the reaction Mn? + 4H;O - 5e == MnO, + 8H* 
E% = -1°51 Volt 


This is the standard oxidation potential (Е®„). Similarly for the opposite reaction i.e., 
MnO; + 8Н* + 5e => Mn” + AHO 
the corresponding potential will be E% i.e., standard reduction potential and its valve will be +1°51 volt. 
ES mount = +1`51 volt. 


Hence if AG for the reaction Cl; + 2e = 2С be say 1000 cal, then AG for the reaction V; Ch + e = СГ 
will be 500 cal. 
(ii). The sign of E? value will be opposite, alihough the magnitude remains same, if the direction of half cell: 
reaction is reversed e.g., 
М + 2е = Ni E 2-024 V 
Ni -2e = Ni* E924 024V 
ie, EX = – Eta 
(ii) Ifthe combination of two half reactions yields a 3rd half reaction, AG of such reaction is additive, but 
the potential E? is not additive. E? of such cell indicating such third half reaction can be evaluated from the 
AG value. e.g., 
We know that, AG = -nFE. Given that E4u2/wo, = —1`28 V, and Е.2+/м = —1`51\/ 
The half cell reactions are, 
Mn? + 290 - 2e == MnO, + 4H* SOS 
Мп? - e = Mn* крсу у; 
On substracting, Мп + 2H,0 = е = MnO; + 4Н* .... (3) 


Now, we are to find ЁЗ? ум. 
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For the couple Mn?*/Mn* for eq. (1), AG» -nEF or, AG? = -2(-1'28)F =2'56 F 

For eq. (2) i.e., for Мп?*/Мп?* couple, AG? = -1 WISIF =151Р 

On substracting AG? = 2'56 F- 1'51 Р= +1'05 Ё 

Now in the half reaction Mn?* е => Мл“, п= 1 

. AG?s-nFEs-lxFxE? or, 105 F=-1 x Fx E? 

ог, E°=-105 Volt 

Thus we see that, Ept imatt is not (1'28 - 1'51) = -2'79 Volt. 

e Spontaneity of cell reaction : 

We know from thermodynamics that, the sign of change of Gibbs free energy (4G) is an indication of 
spontaneity of a reaction. At equilibrium AG = 0, while if AG = negative the reaction is spontaneous and for 
non spontaneous reaction AG = positive. 

Again AG = -nFE and AG? = ПРЕ. Ey or E° also implies the spontaneity of a reaction. If Еш ог Etuis 
positive then ДО? is negative and the reoction is spontaneous. For non-spontaneous reaction Еш or Etuis 
negative i.e., the cell reaction is по! 5 taneous. The spontaneity of a cell reaction does not depend upon the 
magnitude of cell tential (Еш) but depends upon the sign of cell potential. Hence the following rules are to be 
noted with regard to cell reaction, emf and spontaneity of the cell reaction. 

(i) Any cell reaction is the sum of the half cell reactions. At the negative electrode (anode) the reaction is 
oxidation while at the positive electrode (cathode) the reaction is reduction. 

(ii) The total cell emfis the algebric sum of the single electrode potential, provided each potential is given with 

roper sign corresponding to the actual reaction in the half cell. The TY cell can however ec out 
b applying any one of the following three formulae. 

(a) Еш (Reduction potential of right hand side electrode) = (Reduction potential ofleft hand side electrode) 

(b) Еш = (Oxidation potential of left hand side electrode). = (Oxidation potential of righthand sideelectrode) 

(e) Еш = (Oxidation potential of left hand side electrode) + (Reduction potential of righthand side electrode) 

ог, Eum. E + Еби. 

(iii) Ifa cell is written as in (i) the emf will be positive, electron will flow from left to right in the external circuit 
and the cell reaction will be spontaneous. We can get current from such cell. 

(iv) IF wrong assumption is made with regard to polarity of the electrode, no current will be drown from such 
cell as the reaction is non spontaneous anda i epi will be produced. In that case the two half cells forming 
the galvanic cell should be interchanged i.e., the reaction is reversed and sign of the emf is changed without 
changing its magnitude. 


Feasibility of cell reaction is shown in the following table : 


ee pae cK [ EL] 
ET MEME d: Ms A n e 
c eum rer 
snas ши сыш шш гъыш 


e Standard electrode potential and equilibrium constant : 
Standard electrode potential (E, and Е, and emf of a cell can be utilised to evaluate the equilibrium 
constant of a cell reaction. 
We know that, AG? = -пЕЕбы 
Again AG? = -RTK or, -RTInK= ПРЕ, 
FE? 
or, RTInK= пРЕ% ог, InK= "т 
NFE 
or, log K= 2:303 RT 4 
n = number of electrons involved in the cell reaction. Substituting the values of F, Rand T, 
0 
5 nx 96500 x Eau K= пЕ ы 
9 Ке 2730383298 ^" lg Koss : 
The above equation is used in the evaluation of equilibrium constant of a reversible reaction. 
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Example : 
Let us consider the following reaction: пе + 2Fe** => Sn + 2Fe* 
Given E$,» rett = + 0°77 volt, ES = 0°15 volt 
The two half cell reactions are, 2Fe** + 2e > 2Fe (Reduction) 
Sn* - 2e = Sn (Oxidation) 

Overall equation : 2Fe** + Sn* = 2Fet* + Sn” 
Here n = 2. 
E = Е, + Ey m Енн + Енен 

= - 0'15 + 0777 = + 0°62 volt 
2х0`62 
0`059 

The high numerical value of K indicotes that the reaction practically goes to completion. This implies that 
in solution Fe*** ion and Sn* ion can not stay together. 


А close serutiny of the formula log K = Nx shows that, the higher the difference between the standard 


potentials of the two systems, the higher will be the value of K. 
elie con ешюм сюита En Ше RON КЫША cell. 
. Zn + Cu” = Zn?* + Cu 
Ean = – 076 volt, E 2*/c, = +° 34 volt, lt bool ore 
Zn-2e = Zn* and Cu?+2e = Cu 
Еш = Ель + Ес, + 0'76 + 0°34 = 1°10 volt 
nES4 2x110 
vos °” "sK* уру 


log K= = 21 о, Ke 1x10? 


We know, log K= =37 


© Kal x 107 
e Formal Potential : Standard potentials are determined with respect to S Н E where all ions are present 
in simple form and [Не] = [Ox] = [Red] = 1 molar. In practice, however, the solution may contain other electrolytes, 
or the solution may be concentrated, pH of the resulting selution is changed or even complex formation may take 
place. As a result E? values may lose their significance. Consequently in analytical chemistry a new term Formal 
Potential has been introduced. 
The formal potential is the experimentally determined potential containing equal formal concentration of 
oxidant and reductant and other specified substances at specific concentration. 
It depends upon (i) nature and concentration of acid, (ii) change of pH of the medium, (iii) formation of 
; sparingly soluble electrolyte and (iv) complex formation. 
(о) In fact formal potential is much more significant than standard potential in analytical chemistry. It is 
evaluated by using Nernst equation. 
0:059 [Ох] 
ERE a КШ [ей 
E = Formal potential ot the system. 
We can show this by taking the following examples, . 
(i) MnO; + 8Н* + 5e = Mn” + 490 Екош” = 152 V 


= z [Moog] [H] 
Emoor/mat® = E коме 2999 E S log [Mr] [HOF 
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Since the concentration of liquid water is 1 
E-E +208 leg [MnO;] [H*]* 


[Мп] 

» , 1089 005 ©, M2 

E+ 5 log (HP + 5 [Mn] 

= E° + 0059, g „1,0059 [MnO;] 

+ р кавая A 

= E 0 + [мод 

E? + 0:0944 log [H*] + 5 log л] 

= E^ - 00944 pH 0:059 og MOA 

9944 pl ti ges TT 

HBS 0059 | [Мао 

or, E «152-00944pH 1+ E> lea ТА] 

Formal potential 

Thus at pH = O Formal potential = 1:52 volt 
at pH = 1 "4 » 4256 volt 
at pH = 6 * 079536 volt 


Hence,as pH increases Formal potential of MnO; /Mn"* system decreases ond as a consequence the oxidising 
power of MnO, ion also decreases. ‚ 

Since Eyar = 107 volt and Ear = + 0754 volt, KMnO, can oxidise lodide to lodine at pH = 6 but not 
bromide to bromine. d 

(b) Sometimes change of pH of the medium may alter the course ofa predicted chemical reaction as the formal 
potential is enormously changed during the course of the reaction, This can be shown by the following reaction 
wherethe forward iodometricreaction becomes a typical iodimetric reaction as the pH is altered upon the change 
of formal potential, Given, Ё% /;,. 0'54 volt and Ё% ozmoz = 0:57 volt. The standard potential suggests that, 
AsO? ion will oxidise I to lz and itself will be reduced to AsO} ion. The predicted reaction will be. 

AsO + 2H’ +2Г = АО +h + HO 

This will actually happen if all the ions are at unit concentration. Let us suppose, that the reaction takes place 
in presence of a saturated aqueous solution of NaHCO;. The resulting solution will be slightly alkaline as its 
pH = Bor[H'] = 10 gmion/litre. Now so long as E^, о доз remains higher than Ears AsO? would oxidise 
[Гю iodine. Now if by any means Eo?" ao} Bact lose than that of E, /2,- the reaction will be reversed. 

Now ће E? of the system I; + 2e = 27 will not be altered as neither in denominator nor in the numerator, 
[H*] ion is involved. 

0`059 1 . 0'059 1 
E= Et arta Ю8 ш or, Ено кел 


but in the following half cell reaction E? will not remain constant as shown below— 
AsO} + 2H* + 2e < AsO} +H,0.....,(1) 


Pepe oa lg OT но] =1 
«057 + 005 log (HF ^ aes рон 

= 057 + 9999 log [10°F + 909 tog yon 
«o5; - 9995315 $ 2o» = icd 

= 0098+ 909 log АЮП 


CH-II/13 - 
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Now 0:098 volt is the formal potential of AsO/AsOF system at pH = 8: This value is much less than thot 
оһ›/2[Г system. Hence under this condition AsOF no longer oxidises ГЮ lz, on the contrary l; will oxidise AsO 
to AsO? and the actual course of reaction will be 

АО +l + НО = АО + 2H* + 2Г ......... (2) 

Here forward reaction is iodimetry and the backward one is iodometry. 


We can frame a general rule after studying the wo equations (1) and (2). In any reaction if H* ion is consumed 
it is preferably conducted in acid medium. If on the other hand Н ion is produced it must be removed by adding 
either OH or by NaHCO; provided the reactants or the products must not react with them. In this reaction strong 
alkali can not be used, as it will combine with iodine to produce Г and ОГ. 


lz + 2NaOH = Nal + NaOl + ЊО 


(c) Another example will show how the concentration of one of the species in the reaction medium alter the 
formal potential. 


Given, h + 2e = 2Г E? = + 0°54 volt 
[Fe{CN}} + e = [ҒеО] E? = + 036 volt 
This shows that lz should oxidise ferrocyanide ion to ferricyanide ion. 
һ+ 21ЕеСМ) — 2F + 2[FelCN)4]- 
But experimentally it is found that in 1M HCl or H;SO,, ferricyanide ion liberates iodine from iodide. This 


shows that definitely E? of the species is more thon Et yar system. It is found that both ferrocyanide ond 
ferricyanide ions in 1M HCl medium form hydro ferrocyanic and hydro ferricyanic acid respectively, 


[Fe(CN)elé + 4Ht = HalFe(CN)e) ; [Fe(CN),]- + ЗН" = HalFe(CN)s] 


Nernst equation becomes , E= E9 + 0059 log f 
6. 


Now Һе new species H4[FelCN],] is very unstable and Weak but Ha[Fe(CN).] is very strong. The concentration 
of the denominator i.e., [Fe(CN)4]^ is decreased to а large extent and hence E? i.e., formal potential of 
ferricyanide/ferrocyanide couple is enormously increased. Experimentally itis found that the value E? in 1M HCl 
is + 0°71 volt which is higher than Еч, /; .. Hence in acid medium of low pH value the reaction is— 

2Fe(CN).]* + 20 = + 2[FelCN)4] ^ 

@ Solved Problems : 

1. Calculate the half cell potential of Zn**/Zn. Give ЕЗ," = = 076 volt and [Zn'*] = 0°01М. 

Ans : According to Nernst equation, 


NC pis © tir“ 

Esp = Etn + ——7 log al Since (Zn) = 1 
——À log [Zn**] --076+09% log 0°01 

ог, Enta = ¬ 076 999 x (-2) 2-076- 0059 =- 0'819 volt 


2. Write down the cell reaction and calculate the emf of the cell at 25°C for the cell: 
Zn | 7п° | | Си” | Cu 
9 пм (ом (9 
Given Е%„ у = — 0°76 volt and E%,*+/cy = + 0°34 volt. 
Ans: Cell reaction: At anode the reaction is oxidation Zn -2e VES 
At cathode the reaction is reduction Си" + 2e х= Cu 
Total cell reaction Zn + Сон = Zn*+Cu 
Ey = ED, + Еы= + 0°76 + 0'34 = 110 volt. 
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3. Construct the cells where the following reactions take place (а) Fe + CuSO, — Cu + FeSO, (b) Fe +SnCl, 
5 Sn + FeCl, (c) Zn + Н;5О, — ZnSO, + Н» (d) 1/аН + 4С, HCI. 4 

Ans : We know that at anode i.e., at negative electrode, oxidation of on element takes place by the loss of 
electron and goes into solution while at cathode i.e., positive electrode reduction ofan element occurs by the gain 
of electron. 

(a) In the overall reaction Fe + CuSO, э FeSO, + Cu, the oxidation is Fe = 2e <= Ғе while the reduction 
reaction is Cu + 2е «Со. Here Fe must act as anode while Cu** accepts electrons and hence must act 
as cathode. 

Hence the required cell is : o e 
Fe | FeSO, || CuSO, | Cu 

or, Fet) | Fettoq 11 Cut toa) | Cu 4 

(b) In the reaction Fe + SnCl; — FeCl + Sn; oxidation at anode Fe - 2e c Fe” while reduction at cathode 

Sn + 2e <= Sn. Hence the required cell is, - 
Feu | Fet*(oq) | Sn**toq) | Sn (4 

(c) In the reaction Zn + Н;5О, > ZnSO, + Hz, the oxidation reaction is Zn-2e = Zn* while reduction 
reaction 2H* + 2e «= Hz. Н; being a gas a solid electrode Pt is used, 

Zn tà | Zn** (oq) || 2H* tog), Hat) | Pt 

(d) Inthe reaction '/2H2 + '/2 Cl; > HCI, the oxidation reaction is 1/2Hz-e < Н' and the reduction reaction 
is / Ch- e = Cl. Both Нг and Cl; being gases Pt electrode must be employed. 

Pt, /; Hag | HCI 11 1/2 Cle tg), Pt 

4. A cell is represented by Zn | Zn** lod || cu tog | Cu. Given Cu + 2e > Cu, Е? = + 035 Vand 
Zn” + 2e — Zn, Е =- 0763 V. Write the cell reaction, emf of the cell and state whether the cell reaction will 
be spontaneous or not? І.Т. 82] 


Ans : Half cell oxidation at anode i.e., L. H. S. electrode Zn- -2e = Zn” 
Half cell reduction at cathode i.e., R. H. S. electrode Cu** + 2e = Cu 

Overall reaction: Zn + Си" = Zn + Cu 

E = Е.В. Н. S. - Eval H. S. electrode 40:35-(-0763] = 1:113 volt 

Since E, is positive hence AG? is negative and therefore the reaction of the cell is spontaneous. 

5. The standard reduction potential of Cu*/Cu and Ag'/Ag electrodes are 0°337 and 0'799 volt 
respectively. Construct a galvanic cell using these electrodes so that its standard emf is positive. For what 
concentration of А9? ion will ће emf of the cell at 25°С be zero if the concentration of Cu** is 0'01M ? 

ЫТ. '90] 

Ans : Here Е% уд is greater than £9,++/cy. Hence the cell reaction is 2Ag* + Cu = Си” + 2Ag and the 
cell is Cu | Cu** || Ag* | Ag where, Со is ‘anode and Ag is cathode. 

From Nernst equation, E coi = Ei- 9 = log ү, 


or, Eam Е 999 log Ae (concentration of solid Ag and Cu is 1) 
E, = E, + E%j = -0337 +0799 = 0°462V 


0:059 Icv* 
or, Ёш = 0462 - 57 log р 


When the emf of the cell is zero, we get, 
0`059 0°01 0:059 0'01 


0 = 0462 - — ba np or, 0°462= — 109 [дур 
o, 048252 log O01 kg or 1566 =-2- 2 log [Ag'] 


or, log [Ag*] EUR =-8'83 ог, [Ag'] 48x 10* M 


196 ELEMENTS OF CHEMISTRY 


6. Zinc granules are added in excess:to a 500 ml of 1M nickel nitrate solution until the equilibrium is 
reached. If the standard reduction potential of Zn'* /Zn and Ni**/Ni aré*:0'75 V and - 0:024 V respectively. 
Find out the concentration of Ni* ion in solution in equilibrium. (LT, 91] 


Ans: The required cell is ` Zn {s)| Zn* a || Ni* | Ni (3) 
The overall reaction in the above cell; 214+ № & Ni + Zn“ 


Кы = (EN En) = = 25 log Dad 
. pi [Zn] 
=|- 4-([- DER = Ре | 
[- 0°24 - (- 075] loo frat 051 00295 log Тел 


At equilibrium Ёш = 0. 
Let at equilibrium [Мі] = x mole/lit. Hence ot equilibrium [Zn**] = (1 = x) moles/lit. 


0 = 0°51 - 00295 log i or, 00295 log us 2051 


1-x 05] ; Daring: 17 
or, fog H = DOE 51729 о, 82 1°95x10 
Since xis small 1—x=1. ‘or, 3 e 195 x 1017 

x 


TT) IY 18 i 
ХТО эре mole/lit 
7.. The emf of the cell corresponding to the reaction Znís) + 29.) == Zn'*(0' 1M) + Н. (9), (1 atm) is 
0°28 volt at 25°C. Write the half cell reaction and calculate the pH of the solution at hydrogen electrode, . Given 
Ел = - 0°76 V and E $r н; = О volt. ТИЛ. 86] 
Ans : Half cell oxidation reaction 2п - 2e = Zn“ 
Half cell reduction reaction 2H*+2e = Hj" 
: 0059 , [202] 
From Nernst equation, Ё, = EY du qid ТГ 
2007299 > 059901 
24076- usen î 0°76 + 070295 = 0789 volt. 


Бе/у = Ele it + СА dog [B] 
30+ 0099 bg fae 0059 log [H*] 
=-0°059 pH (^ pH» -og [H*]) 
Кы = Ел Ent] ano 
or, 0'28 = 07789 - 0'059 pH 
or, 0'059 pH = 07789 ~ 0°28 = 0509. 
0:509 
0:059 
8. For the galvanic cell Ag | AgCI (5), KCI (02 M) || KBr [001 MJ, AgBr (s) | Ag ; calculate the emf 
generated and assign polarity to each electrode for a spontaneous process after taking into account the cell 
reaction at 25°C. [K,, AgCl = 28 x 10°10 and К„ Ag Br 33 x 10-3] 
[L.LT. '92] 


рН = = 8`63 


Ans : The cell reaction at anode: „Ад ¬» „Ад'+е 
The reaction at cathode  cAg* +e > ‚Ад 
(Where aAg and cAg represent silver at anode.and cathode respectively) 
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The overall reaction at the cell „А+ Ад" > .Agt+<Ag 
Applying Nernst equation : 


0'059 , (Products) 07059 Ag’ x Ag 
Ea po EE jog кекс, Кы ызга Sd Nerd 
n 9 Reactant) ег, Ёш 1 log Ag x А9’ 
о, Ent Eg + EXgt/ag= 0059 log 298 ZAI > A059 log lA] solid) =1 
Ag x Ag’ E ч. 
or, Eie 07059 log LAS] 
[Ag] 
Kp AgCl = 28x10 or, [Ag [CH =2'8 x 10°, 
ог, [Ag] x 02 = 2°8 х 1070 or, ЬАд']= DEI z14x10-0 
Again Kj, Ag Br = 3:3 x 107? ог, [.Ag'][Br] = 33x 10? 
or, [Ag] x 000Î = 3:3 x 103. or, Ад" 22:51027. 3:34 1010 
- 0001 
{ 14x. 1079 t l4 
2 Быя-0°059\ [1-25 0:059 log 14 
: өв 3x10) ^ 00599 75 


= -0:059 x 062752 - 0:037 V t 

Since the sign of the emf is negative the above reaction is non-sponlaneous. Now to obtain spontaneous 
reaction we shall have to reverse the reaction and the electrode i.e:, anode and cathode are to be interchanged. 
Under this condition the emf of the cell will be 40.637 volt. In that case the cell will be— 

Ag | Ag Br (s) || AgCl (s) Ag 
Anode Cathode 
9. The standard reduction potential for thé half cell NOs'[aq) + 2H*(oq) + е — NO;(g) + Н;О is0'78 volt 
la) Calculate reduction potential in BM Ht. 


(b) What will be the reduction potential of the half cell in a neutral solution? Assume all the other species 
fo be af unit concentration. [LLT. "93] 


Ans : (i) Applying Nernst equation in the half cell reaction E = E° – 0:059 log Wehr 
3 

Here E° «078 V, ^ Prop= T Aim, © [МОЗ] = 1... ond [H'] 8М 

Е= 078-0059 lad, 20:78 — 0059 log 1.— 2log 8) 


= 0°78 — 0059 x (-2log 8) = 078 - 0°059 x (- 2 x 09030] = 078 + 0°1065 = 0'8865 volt 
(ii) In neutral medium TH*] = 107M 


E= E°- 0059 log тр = 0°78 - 0059 log (14109 10) 


= 0°78 – 0'059 x 14 = 078 - 0'826 = -0'046 volt 
10. A cell is represented by the following Pt | I» 21 || Fett, Ке" | Pt. Write the cell reaction and the 
equilibrium constant of the reaction. Given Et»; = 0°71 V, Eur 20:536 V. 
Ans : Cell reaction : Oxidation at negative electrode (anode) 2I -2e = |; 
Reduction at positive electrode (cathode) Ғе? + e. «^ Fe 
The net chemical reaction 2Fe** + 2I = 2Fe** + l 
E, = E, + Е. =-0`536+ 0771 = 0:235 volt 


log K= mS 250235479658 о, К=92х10. 
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11. Is MnSO, stable in aqueous medium ? Given Ese, -1 19 V Ёз = 1°51 V. 
Ans : If Mn** undergoes disproportionation in aqueous medium the reaction would be 
2Mn** -2e = 2Mn* 
Mn* + 2e = Mn 
3Mn** — 2Мп + Mn 
E = E, + Е®ы =-1`51 + (-1:19) = -270 volt. 
Since E, is negative the above reaction does nottake place. Hence Mn** does not undergo disproportionation 
reaction in aqueous medium, Hence MnSO, is stable in aqueous medium. 
12. Zn reacts with dil H2SO, to liberate hydrogen but metallic copper does not. Explain 
Given E%,++/zn = – 0°76 volt, E%,++/cy= + 0°34 volt, Ен, = О volt. 
Ans : The reaction between Zn and H;SO, is as follows—Zn + 2H* == Zn* + Н, 
ЕФ = Е9,+ Ela = 076 + O = € 076 volt 
Since E, is positive i.e., AG? is negative i.e., the reaction is spontaneous i.e., zinc liberates hydrogen from 
H2SO,. If Cu liberates hydrogen than the reaction would be Со + 2Н* = Cu* + Hz 
In that case, Е. = EO, Pre = – 0°34 + 0 = – 0734 volt 
Since E „is negative AG? is positive i.e., the reaction is non-spontaneous. Hence Cu can not liberate Hz from 
H2SO,, 
13. Will nickel be oxidised if it is placed in a solution of ZnSO,? Еў. = -0°25 V, ЕЎ, = -0°76 V. 
Ans: IF Ni is oxidised by ZnSO, the reaction would be Ni + Zn* = Zn + № 
In that case, E%,y EO, Eg = + 0°25 + (-0°76) = – 0°51 volt 
Since Ey is negative, AG? is positive and so the reaction is non-spontaneous, the above reaction would 
not take place i.e., Zn** can not oxidise Ni, on the contrary the reaction will be— Zn + INi** = Ni + Zn** as in 
this case E, = 0'76 – 025 = 40/51 volt. E, is positive ог AG? is negative. 
14. Calculate the standard free energy change AG? for the following reaction : 
2Br (оа) + Fo ig) = Broi)-+2F- (oq; ^ Ebym--106volt Еф = 2°87 volt. 


Ans: 2Br - 2e = Bn 
Р + 2e = 2Р° 
2Br + F = Bro + 2F 


Ey = Eb, + Eg =-1'06 + 2°87 = 1°81 V 
Here n = number of electron changed = 2 
AG? = -пРЕ? =-2 x 96500 x 1°81 =-3°49 x 10° Joule 
15. A Cell is represented by the following— Zn |7п° му || 2H*, Hz (1 atm) | Pt 
The measured emf of the cell is 0°45 volt at 25°C. What is the concentration of [H*] ? 
Given E%,++/z, = — 0°76 volt. 
Ans: The reaction of the cell Zn-2e = Zn* 2H*+2e = Н. 
The overall cell reaction is Zn + 2H* == Zn* + H; 
EO, = ES, Eeg = + 0:76 + 0 = 4076 volt 
Applying Nernst equation, 
0059 [Zn**] P, 
Ezy iE О Нш 
се = Ес, 2 log [FE 
: 2 0059 1 5 : 0059 
or, 0452076 2 log np or, 0452076 = [2log (HI) 
"45 - 077: 
or,. 0452 0°76 + 0059 log [H*] or, log[H*] AC 2-525 


[Ht] = 56 x 105 M. 
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16. The standard reduction potential at 25°C of the reaction 2H;O + 2e == Hz + 20H is -0'8277 V. 
Calculate the equilibrium constant for the reaction. 290 = HO* + OH" at 25°C. [LLT. 89] 


Ans : The two half cell reactions leading to reduction 2H,0 = H;O* + ОН" may be 
Anode reaction i.e., oxidation ЊО + Н;-е = НО" 
Cathode réaction i.e., reduction H,O+e = inm +OH 
Е®ы = ЕФ, + E%ed =-0°8277 + 0 =-0'8277 volt 

n — 1x0:8277 
loa K= go 7 0059 - 


17. Consider the following reaction— 2Ag* + Cd = 2Ag + Cd" 

ES, = + 080 уой. Europea = -0°40 volt 

(i) What is Ea, ? (ii) Which one is negative electrode of the cell in which the above reaction takes place ? 
(iii) If [Cd**] = 0*1 (M) instead of 1 M, will the emf be more positive or negative ? [Roorkee Eng. 82] 

Ans: (i) E%en= Eb, + Еб =+0°40 + 0'80 = 1°20 volt 

(ii) Here Cd undergoes oxidation and Ag* undergoes reduction. Hence Cd/Cd** electrode represent anode 
i.e., negative electrode and Ag/Ag* positive electrode i.e., cathode. The cell is 


2-140288 ог, К= 1x 104 


e 1 © 
Саца | Cd** togi] | Ag* to) | Ag (à 
(iii) 2Ag' Cd = Cd” + 2Ag 


K= ОР] 
[Ag'F 
. > 0'059 Products] 0:059 [Cd] 
Applying Nernst equation, E = E°- ON log ru = E ARE log Tag? 
0 
Putting [Са] = 1M Кы= ع‎ log T 
0059 01 
When [Cd**] = 0°1 M Econ = Eta-—5- log Tho? 


, , 905 1 
or, Econ Etat —, log Tag? 


Ecen becomes more positive. 
18. Calculate the ratio = at equilibrium in the following reaction, 


Ag is + Fe*** (aq) = А9" loq) + Ғе" (оа) 
At equilibrium [Ag']=0°01M, EXenejee=O°771V, Elo 20799 V 
Ans: Е. = ЕФ, + Ed = -0799 + 07771 = -0'028 volt 


А " = Eù- 0:059 [Fett] [Ag'] 
Applying Nernst equation, Кы=Ёы-0 bo mue] 


At equilibrium Ёсы = 0 ог, Е®ы= 07059 log е 

or, -0028 = 0:059 log ma euet sella - os 7-04 
ог, vulg ке + log (Ag) = 047. о, і е + log 0:01 „-027 
or, log E -2lgl0 --O47 on lg E -2=-047 

or, leg [fet] = 2-0:47.=,1:53 or, [fe] — -339 


[Fe] [Fe] 
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19. The standard reduction potential for Cu**/Cu is +0:34 volt. Calculate the reduction potential at 
pH = 14 for the above couple Ksp of Cu(OH]; = 10 x 107* ПТ. "96] 

Ans: СОН), == Cu + 20H Ksp = [Сот [OH 

Since pH = 14, hence pOH =0 or, [OH]=1M 

[Cu] = È 2 = Кәр; lOx10'* 

Applying Nernst eqn. for Cu** + 2e <= Cu 


997 log [Cu] = Е9+0 d log 1x 107* 


E= E+ 


20344 oo 


x(-19) = 034-056 = -0'22 volt. 


€ Questions e 


1. Distinguish between normal potential and formal potential. Which one is more important in analytical 
chemistry and why ? 
2. How can an idea about reducing power of a metal be obtained from electro-potential series ? 
[W.B.H.S. '96] 


3. What is electro-chemical series ? Mention some of its important applications. [H.S.(1) 80] 
4, Without using heat or electricity how can you obtain, 
(a) Metallic copper from copper sulphate solution, [W.B.H.S. '93] 


(b) Metallic silver from AgNO; solution, 
(c). Metallic iron from FeSO, solution. 
5. Arrange Zn, Al and Cu towards their reactivity with dilute НСІ. Give correct explanation. 


[W.B.H.S. '93] 

6.. (a) Arrange the following according to their electro-positive character Mg, Cu, Na, К, Fe, Al, Pb, 

Hg,Zn. : (W.B.J.E.E. '81] 
(b). Will metallic silver dissolve in 1M HCI ? 

© ` (e) Will silver be oxidised if it is immersed in a solution of CuSO, ? 1.5.С. 90] 


7. Among the following pair of metals, predict which one will reduce the other and why ? 
(а) Aland Fe, (Ы) Hg and Cu, (¢) Zn and Pb, (d) Cu and Al. 

8. Explain why : 

(i) Al is stronger reducing agent than iron. 

(ii) Chlorine in stronger oxidising agent than iodine. 

(iii) Na is stronger reducing agent than Al while Al is stronger reducing agent than Fe. 

(iv) KO can not be reduced by carbon. 

(v) HNO; acts only as oxidant but HNO? can act both as oxidant and reductant. 

(vi) KMnO, is a strong oxidising agent. 

(vii) Both Ад;О and CuO show oxidising properties but Na;O has no oxidising property. 

(viii) Sn** and Fe*** ion can not stay together in a solution. 

(ix) Oxidation does not require always the presence of oxygen or oxygen containing compound, 

(x) Pure gold is found to occur in gold mine but iron ores are present in iron mines but not as pure iron. 

(xi) Although Al, Zn and Fe occur above hydrogen in the electro-chemical series, they do not evolve 
hydrogen with HNO3. 

(xii) Sodium reacts with water but copper does not. 

(xiii) Ag does not evolve hydrogen from НСІ but Zn does. 

(xiv) Oz can act as reductant while hydrogen can show oxidising property. 


ELECTRO-CHEMICAL CELLS - 201 


(xv) Fe can displace copper from CuSO, but Cu can not displace Fe from FeSO,. 


(xvi) Fe is more readily oxidised thancopper. ПАТ. '78] 
(xvii) When Zn is added to AgNO; solution, Ag is displaced but when metallic Ag is added to Zn(NO;J; 
solution Zn is not displaced. [W.B.H.S. '90] 
(xviii) CuSO4 solution can not be kept in iron vessel. {W.B.J.E.E. ‘82, W.B.H.S. '91] 
(xix) When metallic Zn is added to Pb{NOs}2 solution, Zn dissolves and Pb is removed but nothing happen 
when РЬ is kept in Zn(NO3)2 solution. [W.B.H.S. '81] 
(xx) Non metals are oxidising agents. 
(xxi) Chlorine is stronger oxidising agent than bromine. [W.B.H.S. '81] 
(xxii) Dilute HCl can convert Fe to Fe** ion. [LLT. '83] 
(xxiii) Impure metals but not pure metals are readily attacked by water. ^5 [W.B.J.E.E. '91] 


(xxiv) NaCl is more stable than FeCl, solution. 
(xxv) Ca reacts with water but Cu cannot. y 
(xxvi) CuO but not CaO is reduced by coke. [W.B.J.E.E. 88] 


(xxvii) Although Pb occurs above hydrogen in the electro-chemical series, Pb cannot evolve hydrogen from 
dil HCI. [W.B.H.S. '94] 


(xxviii) Cu* ion undergoes disproportionalion easily in aqueous medium. 
(xxix) Au* compounds are unstable in aqueous medium. 
(xxx) The two half cells of a galvanic cells are connected by a salt bridge. 
€ Objective type questions : 
T. Give the correct answer : 
(i) The reaction at cathode on electrolysis of dil. H2SO, is— 
(a) Oxidation, - (b) Reduction, (c) Both Oxidation ond Reduction, (d) Neutralisation. 
. [Ans. (b [M:.L.N.R. 88) 
(ii) When a piece of Cu is dropped into AgNO; solution, the resulting solution becomes blue; This is due to— 


(a) Oxidation of copper, (b) Reduction of copper, (c) Formation of a soluble complex,. (d) Oxidation 
of Ag. [Ans. (а)) 


(її) A solution containing 1 mole per litre of each Cu(NOs];, AgNOs, HgalNO2)2, Mg(NOs)2 is electrolysed 
by using inert electrodes. The values of standard electrode potential in volts (reduction potentials) are— 
Ag'/Ag= +0.8,  Hgjt/2Hg 23079, Cu*/Cu= 3034, Mg/Mg = -237 
With increasing voltage, the sequence of deposition of metals on the cathode will be + 
(а) Ag, Hg, Cu, Mg; (b) Mg, Со, Hg, Ag; ld Ag, Hg, Со; (d) Cu, Hg, Ag.[Ans. (с)] [I..T. "84] 
(iv) The standard half cell potential of the following reaction are— 


Zn = Zn* + 2e £°=+0°76V Fe = Fe*«2e Е? = +0:41 У 
The emf of the cell reaction Fe** + Zn — Zn* + Fe will be— 
(a) -0/35 V, (b) 40:35 V, (c) +117 У, (d) -117 V. [Ans. (c)] [I.I.T. /88] 
(v) The standard reduction potentials at 298 K for the following half reactions is given against each— 
Іп (oq) *2e = Zn (s) -0°762V 
Cr gg + Зе = Cr (s) -074V 
2H* oq +2е = H (9) 0V 
Fett eate х= Ге +077 V 


Which one is the strongest reducing agent ? (a) 2п(5),. (Ы) С), le) НДӨ), (9) Fe™ ag) 
[Ans. (a)] [LLT. 81] 
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(vi) The standard reduction potential for the following half reaction are :— 
Zn* «2e э Zn E? =-0`762\/ 
Mg* +2е > Mg Е%=-2`37\/ 
Which of the following will occur when Zn dust is added to MgCh solution : 
(a) No reaction, (b) ZnCl will be formed, (c) Zn will dissolve, (d) Mg will be precipitated.. [Ans. (а)! 
(vii) The emf of the cell Ni/Ni** || Cu'*/ Cu is + 0°59 volt. If Ni electrode functions as cathode and 
EQ, го = -0°34 volt, the standard oxidation potential of Ni/Ni* electrode is— 
(а) +0°34V, (b)-025V, (c)-0'34V, (9) + 0°25 V. [Ans. (d)] 
(viii) The emf of the cell from the half cell reactions : 
à Agt +e э Ag E?"-40'80 Volt 
М" «20 > N E? = -0'25 Volt 
(a) 421 V, (b)-1T05V, (d)-2'1 V, (d) «1705 V. [Ans. (d)] 
(ix) Given the following half cell reactions and standard reduction potentials : 
(i) А+е — А E? = -0'24 V 
(ii) B +e — B7 E92 125V 
(ii) 42e C^ | E?mzl25Y 
liv D+ 2е — D^ E° = 0'68 V 
Which of the following combinations of two half cells would result in a cell with largest potential ? 
(а) (i) and (ii), (b) (i) and (iii), (c) (i) and (iv), (d) (iii) and (iv). [Ans. (b)] 
(x) When a lead storage battery is discharged— 
(а) SO; is evolved, (b) Lead is formed, (c) H2SO4 is consumed, (d) PbSO, is formed. 
[Ans. (d)] [I..T. /88] 
2. Numerical Problems :. 
(1) The emfs of the following two cells are : 
Ag | Ag'n lI Сом | Cu E° = -0746 volt 
Zn | Znam [I Cum | Cu  E°=+1°10 volt 
Calculate the emf of the new cell :Zn | Zn**nw Il Agim | Ag [Ans. 1°56 V] 
(2) Calculate the equilibrium constant at 25°C for the reaction : 
О» (g) + 4H'ug + АЕе ы = Ее") + 20 (I 1 
Given Eee = 4077 volt ЕЎ, њо = 1°23 volt [Ans. 1 x 10] 


(3) The half cell potentials are— 
Су* + e — Culs) £9=+0°521V 
Сиб) + Вг — CuBrs)se E°=-0°03V 
Calculate Ksp of Cu Br. [Ans. 4'9 x 107] 


(4) The following reaction takes place in a galvanic сеї: Te**«2Cr* = Те? + 2Cr"* 

The measured emf Е®ы = 1°19 volt. 

What is the E r++ value ? Sketch the the cell, label the anode and the cathode and indicate the direction 
of electron flow. [Ans. 078 V] 

(5) A zinc electrode is placed in 0" 1M solution at 25°C. Assuming that the salt is dissociated to the extent 
of 20 percent of this dilution, calculate the potential of the electrode ot this dilution. 

(Eya = +0°76 V) [Ans. 0°81 volt] [1.5.M. ^80] ` 
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(6) Calculate the emf of the following cell at 25°C— 
Fe | FeSO, (0°1M) || CuSO, (0:01М) | Cu 


Given ЕЎ. = O° 44V and Ё®уөус, = 07337 V r [Ans. 075 voli] [L5.M. '84] 
(7) Whatis the minimum concentration of Ag* that would remain unreduced bya standard Fe” /Fe?* electrode 
at equilibrium ? [Ans, 0°33M] 


(8) AG? of formation of Ag* is 77°) kg mole". Calculate the emf of the cell— 

Pt | He | Ht || Ag’ | Ag 
When [Ag*] = 10M апа [Н*] = 1M  E%g*/ag = 0°80 volt [Ans. + 0`56 volt] 
(9) Calculate emf of the following cell— 

Zn | zw* 11а" | cd 
Write down the cell reaction and evaluate ДО. E&ayca = +0°403 volt. [Ans. AG? = -68'75 Kg mole”) 
(10) Given Еўна = 077 volt and Eder. = -0'44 V. Calculate Ed, ук. [Ans. —0`04 voli] 
(11) The emf of the cell— 


Halg) | Buffer || Normal calomel electrode is 06885 volt at 40°C at 1 atmos pressure. If standard potential 
of calomel electrode be 0°28 volt, what is the pH of the buffer solution? [Ans. 6°57] 
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NATURE OF CHEMICAL BOND 


Introduction : 

The fundamental particles of atom were discovered and the scientists come to know about the electronic 
configurations of different atoms, but they were unable to solve a number of pertinent problems of chemistry: 

These arei) why do the atoms combine to form molecules of elements and different compounds ? 

(ii) Why two hydrogen atoms combine to form a stable diatomic molecular hydrogen while the noble gases 
helium, neon еіс are monatomic ? 

(iii) Why do atoms combine in definite proportions to form chemical compounds ? Thus, one atom of carbon 
combines with four atoms of hydrogen to form methane (CH,), but one atom of carbon never combines with 5 
or 6 atoms of hydrogen to form СН» or CH,. E 

(iv) Some elements exhibit variable valencies while the others exhibit constant valency. 

М The fifth point of enquiry relates with the shapes and bond angles of a molecule. Thus in methane, the H- 
С-Н bond angle is 109° 28" which is a characteristic property of a tetrahedral model, but when the 3 hydrogen 
atoms in CH, are replaced by З chlorine atoms to form chloroform (C H Cla], the bond angle CI-C-Cl becomes 

11055' and the bond angle H-C-Cl becomes 108°... 

(vi), In COz, the three atoms lie in a straight line whereas in HO, the three atoms form an angle i.e., HO 
molecule is ‘V’ shaped. 

The answers of all such questions can only be solved by the electronic theory of valency, but no single theory 
is able to solve all the problems. This requires the introduction of different theories of valency and a conglomeration 
of all these theories can only explain the chemical and physical properties of elements and their compounds, their 
reactivities and inertness, their shapes and structures. This is why, the valency or the nature of chemical bond 
occupies an important place in the field of chemistry. 


e.g. 


6.1. Electronic theory of valency. 

Chemical bond— The atoms or ions of a molecule do not exist in the free state. On the 
otherhand the molecules consist of atoms combined together by definite forces. Since the atoms 
combine to form chemical compounds, it is obvious that the energy of the system is lowered 
i.c., the aroms in uncombined state contain greater energy than they are in combined state 
Some force of attraction must exist between the atoms. This force of attraction between the 
inter-acting atoms leading to the stabilisation of a molecule is called chemical bond. Thus, the 
formation of a chemical bond between two atoms is due to some redistribution, regrouping or 
orientation of their electrons to form a more stable arrangement. 

According to Linus Pauling—'A chemical bond exists between two atoms when the bonding 
force betwéen themis of such strengthas to lead to an aggregate of sufficient stability to warrent 
their consideration as an independent molecular species.’ : 

Types of chemical bonds : On the basis of electronic configurations and the process by 
which the atoms attain their stable configurations, the chemical bonding is classified as 
follows— 

(a) Bonding between atoms of same element or different elements : 

(i) lonic bond, (ii) Covalent bond, (iii) Co-ordinate bond, (iv) Metallic bond. 

(b) Bonding between the molecules of the same or different substances : 

(i) Hydrogen bonding. (ti) Vander Waals interaction. 

e Valency electrons : Whenever atoms of same or different elements combine together, it is the outermost 
electrons) called valency electrons which participate in the formation of bonds. 

The electron(s) occurring in the outermost shell of an atom take part in the formation of chemical compound 
by rearranging themselves either by complete iransfer from one atom to the other or by sharing among the atoms. 
These electrons are called valency electrons. The number of unpaired electrons in the valence shell determines the 
valency of an element. 

The number of valency electrons of any active metal or representative element is ће same as the group 
number of the element in the periodic table. 
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A chemical reaction is the manifestation of exchange of valency electrons between the 
interacting atoms, but except Xe and Kr, other noble gases do not form chemical compounds— 
they are chemically inert. A close look at the electronic configurations of these elements shows 
that except He, all of them have 8 electrons in their outermost shell. 


Noble gas | Atomic number Electronic configurations Мо. of electrons in 

| the outermost shell 
Helium He тм? 152 2 
Neon Ne 10 eps 2p4] 8 
Argon ^ "Ar 18 1222 2p Bs 3p] 8 
Krypton Kr 36 [Ай 3d" [42 4p*] 8 
Xenon Xe 54 [Kr] 44458 5р] 8 
Radon. Rn 86 [хе] 44 516 6p4] 8 


The inertness of noble gas is probably due to their peculiar electronic structure (8 electron 
configuration). The peculiar stability of 8 electronic configuration of the outermost shell of 
noble gases is due ro the presence ofa closed shell configuration. Yn consequence of which both 
the resultant spin momentum and resultant orbital momentum become zero. As a tesult, the 
interaction of electrons with other atoms becomes negligible. 

Thus, the inertness of the noble gases led to the idea about the mechanism of formation of 
chemical bonds. The idea is, an atom combines with other atom in such a way so that both of 
them can achieve the electronic structures oftheir nearest noble gas. Thus chemical compounds 
having greater stability are formed. This is known as octet theory of valency. Hence, an atom. 
which has one or two electrons excess (e.g., Na, К, Ca, Mg etc.) or one or.two electrons short 
(e.g... Б, О, Cl; Br ete,) than 8 electrons in the! outermost shell, tries to achieve the octet 
configuration either by losing or by gaining electrons. 

Electro-positive elements like the alkali and-alkaline earth metals loose their valency 
electrons to-achieve octet, while the electro-negative elements like halogens and chalcogens 
do so by accepting electrons left by the electro-positive elements. 

There is another. process of achieving the octet configuration of the valency shell. The 
unpaired electrons of the outermost shell of both the atoms may be shared among themselves 
and thereby the individual atom achieves octet configuration. 

Thus, it is seen from the above discussion that, whether it is electron transfer or electron 
sharing, the rearrangement of valency electron(s) leading to the attainment of electronic 
configurations of noble gases vis-a-vis stabilisation, is the primary requisite for the formation 
of chemical bond. 

The rearrangement of valency electrons leading to the formation of chemical bond may take 
place by the following processes— 

(i) Electro valency, 

Gi) Covalency, 

(iii) Co-ordinate covalency. 


6.2. Electro-valency—Electro-valent or ionic bond. 

The idea of electro-valency or ionic bond was first proposed by W. Kossel (1916). Atoms 
of elements, specially those of Group /A and Group ПА of the periodic table can outright 
transfer one or two electrons from their valency shell to the valency shell of some other atoms 
of the elements of Group VI A and VII A. According to Kossel, one of the combining atoms, 
transfers a certain number of electrons from its outermost shell while the other atom accepts the 
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electron or electrons in its valency shell, given up by the former atom. As a result of such 
transfer of electron(s), the loss or gain of electron(s) occurs in such a way so that each of the 
combining atoms acquires the stable electronic configuration (preferably octet configuration) 
like that of its nearest inert gas. Usually, the electro-positive elements lose electron(s) while the 
electro-negative elements gain electron(s) when they enter into the chemical combination with 
each other. 

Now, the atom which loses electron (or electrons) becomes positively charged with the 
formation ofa cation, whilethe atom which gains electron(s) becomes negatively charged with 
the formation of an anion. The oppositely charged cation and anion attact each other by the 
electrostatic force of attraction with the formation of stable ionic or electro-valent bond 
between the two.atoms. 

ө Definition of electro-valency : The combining capacity of an atom to combine with 
another dissimilar atom with the formation of a compound where the atoms are held up by 
electrostatic attraction by acquiring stable electronic configurations like those of their nearest 
noble gases, either by losing or gaining the requisite number of electron(s), is called electro- 
valency and the compound thus formed is called electro-valent compound. 

€ Electro-valent or ionic bond : Because of the involvement of electrostatic force of 
attraction formed by the electron-transfer between the atoms having different electro-negativities 
is said to be an electro-valent or ionic bond. 


Valency of an element taking part in the formation of ionic bond is denoted by the number 
of electron(s) lost or gained by its atom i.e., the cationic or anionic charge. Since, calcium has 
two electrons in its valency shell, its ionic valency is 2. 

Ithas been observed that, elements placed just before a noble gas in the periodic table, attain 
the noble gas configuration by gaining electrons and form anions, while the elements placed 
just after a noble gas, lose electrons and form cations. An ionic compound, in fact, is an 
assembly of cations and anions held together by purely electrostatic force of attraction. 

€ Conditions for the formation of ionic bond : 

An ionic bond is formed between atoms of different elements. The formation and stability 
of an ionic bond depends upon and is controlled by the following criteria. 

(1) One of the two combining atoms should have low ionisation potential : The atom 
C forming the cation C* should lose electron(s) readily i.e., the ionisation potential of C should 
be low. Hence C is an electro-positive element, such as the alkali or alkaline earth metals e.g., 
the elements of Group IA and ПА. 

(2) Number of valency electrons : During the formation of ionic bond, the atom C which 
loses electron(s) to form C* ion should have valency electrons 1, 2 or 3. The atom A which gains 
electrons to form А” ion should have valence electrons 6 or 7. 

(3) Charge of cation should be lower : The formation of ionic bond is favoured if the 
charge on cation is lower, since lower the charge on the cation, lower is the ionisation potential. 

(4) Size of ions : Larger the size of the cation, better is the chance of formation of ionic 
bond. since larger size of cation lowers the ionisation potential. On the otherhand small size and 
low charge on anion ensure the formation of stronger ionic bond. 

(5) Electron affinity : The atom A forming the anion A^ accepts electron or electrons, in its 
valence shell. Consequently the electron affinity of atom A must be high. So A should be an 
electro-negative element like halogens and chalcogens (Group VI A and VII A). 

(6) Difference in electro-negativities : There should be a large difference in the electro- 
negativities of the combining atoms. The electro-negativity of the non metal atom A should be 
high and the electro-positivity of the metal atom C should be high. Thus as the difference in the 
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electro-negativities between Cand A increases, the bond between А and C becomes more and 
more ionic. 

(7) The electrostatic attraction between the cation C* and anion A7 should be high. 

(8) As already mentioned earlier, each ion pair C* A~ has a strong residual electric field. 
As a result, the other ion pair C* A- would come together from all directions, and finally а large 
number C* A- units will 
arrange themselves in a 
most stable manner | 
(containing the least 
energy) in a three 
dimensional network 
leading to the formation 
ofioniccrystal. Asaresult 
of this, energy is released 
which is called lattice 
energy of the crystal. 
Higher the lattice energy 
ofthe crystal, the stronger 
will be the ionic crystal. 
Thus astable ionic crystal Fig. 6.1 : Formation of ion pair leading:to the formation of crystal 
results if (а) the ionisation potential of C atom is low, (b) the electron affinity of A is high, (c) 
the electro-static force of attraction between the ion pair C* А is high and finally (d) the lattice 
energy of the crystal is high. 


ө Examples : Formation of ionic compounds. 


(1) Formation of sodium chloride : 
The electronic configurations of Na and CI atoms along with their nearest noble gases neon 


and argon are as follows— 


"Ма 1s? 2s? 2p* 3s! 1oNe 1s? 2s? 2p* 
© 1s? 2s? 2р5 3s? 3p* Аг 1s? 2s? 2p* 3s? 3p* 


Na atom has one electron in the outermost 35 orbital i.e., it has one electron excess in its 
valénce shell, than the neon atom. On the otherhand Cl atom has 7 electrons in its valence 
shell—two in 3s orbital and five in Зр orbital i.e., Cl atom has one electron less in its valence 
shell than the argon atom. Thus, in order to have the stable inert gas structure, Na atom gives 
up the solitary 3s! electron to Cl atom and acquires 2s? 2p* i.e., octet configuration. On the 
otherhand, Cl atom takes that electron and acquires the structure of argon. Na atom by 
transferring its solitary electron becomes Na* cation and Cl atom by gaining that electron 
becomes CI- anion. 

The attainment of stable noble gas configuration by Na and CI atoms is shown in the 
following table : 

Na = 152 2s? 2p5 3s!; Nat = 152 252 2р  (likeNe) 
Cl = 152 252 2р6 3s? 3p*; Ch = Is? 252 2p 3s? 3p% (like Ar) 

The cations like Na* and anions like СЇ interact and as a result of electro-static attraction _ 
between Nat and СІ-, stable crystal of sodium chloride is formed. Since NaCl molecule is 
formed by the outright transfer of electron from Na atom to Cl atom, NaCl is an electro-valent 


or ionic compound. 
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Fig. 6.2 : Formation of Na* CI bond 
(2) Formation of calcium bromide (CaBr;) : - 
"a (IM 22) The atomic number of Ca is 20 and that of Br is 35. 
Bre Ca Br; _ In their ground state, the electronic configuration of 
ов ’ vs Са = 152252 2p$ 3s? 3р5 4s? and зВг = 15? 252 2p* 35° 
i vd RON 2.8.18.1 ^. 355 4s? 4p5. Thus Ca contains 2 electrons in the 
Parti ORS T eI 12 outermost 4s orbital while Br contains seven electrons 


Br; Ca 4BFe — — 2 in 4s and 5 in the 4p orbitals. Now during the 
| | | chemical reaction between Са and Brz, Ca atom gives 
t up these 2 electrons to two Br atoms. As a result 
ge ; ++ " oo. calcium atom acquires the electronic structure of Ar 
o Bro Ca e Bro and each Br atom after gaining one electron each, 
КУ 36 28:538 attains the electronic structure of Kr (At. No.-36). 
pr un pe ÁRS Since Ca atom loses two electrons, its ionic valency is 
2 and since each Br atom gains 1 electron, its ionic 
CaBr; valency is one. The ions Ca** and "wc Вг are held 
яра together by electrostatic force of attraction to form the 

9. 9: ionic compound CaBr;. 


(3) Formation of magnesium oxide (MgO). 
The atomic number of Mg is 12 and that of oxygen is 8. In their ground state the electronic 
configuration of Mg = 15? 2s? 2p$ 35° and that of ¿0 = 152 252 2p* Thus, Mg atom contains 
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2 electrons in the outermost 3s orbital while oxygen atom contains 6 electrons — 2 in 2s and 
4 in 2p orbital. During the chemical reaction between Mg and oxygen, Mg atom gives up two 
electrons to oxygen atom to get the structure of Ne atom while oxygen atom takes up these two 
electrons and thus attains the structure of Ne. As a result Mg atom becomes Мр? and oxygen 
becomes O% ions and each of Mg?* and O?- becomes isoelectronic і.е:, 15225? 2p°, like Ne atom. 
Mg?* and O% ions thus formed are held together by electrostatic attraction to form magnesium 


oxide molecule. 44 =} 
pase S 
wg 9: — ме | + [:8:] — [ee] 
1622822р638? 1822822р6 Magnesium 


А oxide 
Inthe same process the formation of someelectro-valent compounds e.g., sodium monoxide, ` 
aluminium oxide, potassium sulphide, calcium sulphide and calcium chloride are schematically 


shown below : 
(4) Formation of sodium monoxide [Na;O] : 


Pa WEE етра + oo m 
Na + 10: + Na [ма ] +[ б cfe [e eo] 
18228223S! 15°2s?2p* 18?2522p3s 182262240 1н°2в22р° 1822в22р* Sodium. 
(5) Formation of aluminium oxide [Al;O;] : molecule 


LE 
C ies Га ыз ER 
i 4 OUR DET 
+ [0:60 


44 182#2p¢_| Aluminium 
[n] 


Al: oxide 
pega o 18228°2р5 182252288 


[ :0 :| molecule 
1s25'2p53s?3p! 1s?2a22pt 


(6) Formation of potassium sulphide [K;S] : 
• m a T 
K «x87 к——[к|+[: 
Gass) (284) (28.81) (255) (28.8) (285) inen 


(7) Formation of calcium sulphide [CaS] : 


m ++ oo 7 
enm ge „се 
өте? — [a] ET 
2.8.8.2 2.8.6 2.8.8 · 2.8.8 peces 
(8) Formation of calcium chloride [CaCl;] : 
sec ud iF [:8:] 
са e jo [ca] жор, 3- جت‎ | Саст 
Sec bt [os] ЕЗ : 
2.6.8.2 E choros 2.8.8 2.8.8 


it is evident that in each case where ionic bond is formed, each 


ion thus produced must acquire electronic structure ofthe nearestnoble gas. By doing this both 
the cation and the anion become stable. This explains why the properties of the ions are quite 
different frora their respective atoms e.g., Na* ion is stable while Na atom is highly reactive: 


CH-II/14 


From the above examples, 
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The following table describes the formation of some ions formed either by loss or gain of 
electrons and their electro-valency. 


286 
MEE 
222p | 323p 


6.3. Ionic bond and periodic table. 

The tendency of an atom to gain or to lose electron(s) depends upon its position in the 
periodic table and is measured by its ionisation potential as well as its electron affinity. The 
elements with low values of ionisation potential readily form cations by losing electron(s). 

(1) The atomic size of elements which are placed on the left hand side of the periodic 
table (elements of Group IA and ПА) are comparatively larger. These elements contain one or 
two electrons in the outermost s orbital. The electrostatic attraction between these electrons and 
their nuclei is comparatively low. As a result, these elements: have low values of ionisation 
potential and they can readily give up electrons to form cations. Hence these elements are the 
best candidates in the formation of ionic bond. 

(2) The atomic size of the elements on the right of the periodic table (elements of Group 
VIA and VIIA) are comparatively small. The outermost orbits of these elements contain 1 or 
2 electrons short of next noble gases. As a result, their electron affinity values are much high 
i.e., they have a natural tendency to accept electrons to form anions and act as oxidants. These 
elements are also strong electro-negative. Consequently ionic bonds are readily formed 
between metals (with low values of ionisation potential and high electro-positivity) and non 
metals (with high values of electron affinity and electro-negativity). Thus ionic bonds are most 
readily formed between elements of Group IA and VIIA. 
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6.4. Nature of ionic linkage and structure of electro-valent compounds. 

(i) When two oppositely charged ions. (assuming point charge) are allowed to bring 
together to an equilibrium position, they are held together by electrostatic force of attraction. 
The strength of such force is roughly proportional to the product of these two point charges 
on the ions and inversely proportional to the square of the distance between the effective 
centres of the ions. 

(ii) However, both the cation and anion may be assumed to have charged spheres. A 
positive ion is sphere of positive charge and a negative ion may be assumed to have a sphere 
of negative charge. As a result, an ion can attract its oppositely 
charged ions from any direction, since ionic valency has no 
directional characteristics. Hence two oppositely charged ions 
just touch each other and neutralisation occurs only at the point 
of contact, but a residual electrical charge remains all over the 
cation and anion. As a consequence of this, the formation of the Fig. 6.4 
ionic bond does not stop as soon as only one ion pair is formed, but rather other ion pairs will 
also attract each other with the formation of cluster of ion pairs. 


Fig. 6.5 : Three dimensional ionic crystal 

Each positive ion is surrounded by greatest possible number of negatively charged ions 
which, in turn will be surrounded by maximurn possible number of positive ions. As a result, 
a three dimensional crystal results where the positive and negative ions are alternatively held 
together by electro-static force of attraction. This type of crystals are called ionic crystals. In 
the crystal of NaCl, each Na* ion is surrounded by 6CI- ions and each CI? ion is surrounded by 
6Na* ions. Hence, crystal of NaCl may be viewed as an assembly of innumerable Na* and CI- 
ions. There is no discrete molecule presentin NaCl. A molecule of NaCl may be found only in 
its vapour state. 

The number of ions surrounding any particular ion is called the coordination number of that particular ion. 
The positive and negative ions will have the same coordination number when there are equal number of both types 
of ions as in А? B- e.g., NaCl. But in a compound like АВ, the coordination number of A* will be twice that of 
B- e.g., CaCl;. The coordination number which will give the most stable structure for a pair of ions A* and B, is, 
controlled by their radius ratio i.e., (radius of cation)/{radius of anion). The limiting radius ratio values for various 


co-ordination numbers are given below. 


Structure 


(i). Linear 0 —0.155 
(й) Triangular 0.155 — 0.225 
(iii) Tetrahedral 0.225 — 0.414 
(iv) Octahedral 0.414 —0.732 
(у) Cubic 0732—1 
The radius ratio of Nat and CF ions is 2093 = 0.525, so that an octahedral structure with coordination 


number of 6 for both Na* and CF ions is expected and this infact, is found experimentally. 
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(iii) When a polar solute comes in contact with a polar solvent, the electrostatic force 
of attraction between the cations and anions is reduced to considerable extent. This is because 
of the fact that, a polar solvent has large dielectric constant. The positive end of the dipolar 
solvent molecule attracts the anions and the negative end attracts the cations by ion-dipole 
bond. The force of attraction between the cations and anions of the ionic crystal is diminished 
and the ions fly apart. Due to the solvation of the cations and anions by the polar solvent 
molecules, some energy is released which is called solvation energy and when water is a 
solvent, it is called hydration energy. If the solvation energy exceeds the lattice energy of the 
crystal, then and only then, the polar solute dissolves in that polar solvent. (See lattice energy 


H20 Fig. 6.6 


© Energetics in ionic bond formation :- 

Three energy factors are taken into account in the formation of an ion pair Ct A from two free atoms C 
and A. These are, 

(i) lonisation potential in the formation of cation, 

(ii) Electron affinity in the formation of anion, 

(iii) The energy released due to the electrostatic force of attraction between the two ions. 

(i) lonisation energy in the formation af cations :\п the first step, C-atom gives up one electron of its outermost 


orbiHo form C* ion. During this process some amount of energy is absorbed by C which is known as the ionisation 
energy of C. This process is endothermic. 


C + Energy absorbed > © + e 
{ionisation energy) 
A (1. Pk 
(ii) Electron affinity in the formation of anion : í 
In the next step, the electron left by C, is gained by atom A to form A” ion. During this process some amount 
of energy is released by A which is called the electron affinity of A. This process is exothermic. 


A+e ¬ A + Energy released 
(-Е. Ala 


liii). In the final step, the cation C* and anion A7 are held together by the coulombic force of attraction to form 
stable ionic crystal C* А”. During the formation of such ionic crystal heatis liberated whichis electro-static in nature. 
Amount of this ionic energy is given by, ° p 

RM fet nc 
where е = quantity of charge, and rc* ond ra- are the radius of the cation and anion respectively. 
+ зс |] à 
[Let us consider two spheres with charges е and -e ot a 
distonce r apart. Then the force of attraction between them is given 
=, by Coulomb's law F 29775 - 
If the two spheres are displaced through a very small distance dr 
then, work done м = Force x displacement = F . dr 
ү vo or, dw= > dr 
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During the formation of the ionic bond between two ions (represented as charged spheres), iti tter of 
bringing the two spheres from infinity to a distance of г from ea other. The e сне, SN: 
r 
пе 2 
E= [а = IE dr NEG 
Since г = Sum of the ionic radii = rc* + гд, E= LS 
Thus the overall energy change.in the formation of ionic bond C* Ais T by 
E= [(1.Р.)с- [E.A] = Uem 
where (1.Р.)с = ionisation energy of C, (Е.А.Ј = Electron affinity of A. 
lo] If the ion pair CA? contains less energy than the free aloms C and A, then E must be negative, i.e., energy 


will be released. It is only possible if > (1.Р.}с- (E.A.]. 
Tot * ТА 


If this condition is fulfilled then a stable ionic bond ete 
(Ы In а particular case, in the formation of ionic bond between free atoms Na and CI, the overall energy 
e 
change = [( 1.P.)no - (E.AJa] = ni ER ora (1) 

Now 1.P. of Na = 117.9 k cal while E.A. of Cl = 86.5 К cal and the electrostatic force between Nat and CI 
is 98.2 k cal. К 

Неге the 3rd term === 98.2 k cal is larger than the sum of the first two terms [117.9 – 86.5] = 31.4 
k cal. Hence Na*Cl is a typical ionic bond. CH, is not an ionic compound since, the 4th ionisation potential of 
carbon is so high that the first two terms in eq. (1) become very much larger than the last term. Hence CH4, BF; 
can not be expressed as C^4H', B*3F but NaCl can be expressed as NatC. 

€ Lattice energy : } 

The formation of an ionic compound from its elements is always an exolhermic process, since the compound 
is more stable (lower energy) than the free elements. Much of the stability of NaCl arises front its particular crystal 
structure. Lattice energy of NaCl crystal is a measure of the stabilisation resulting from the particular packing of 
the Nat and CF ions in an ionic crystal. 

Lattice energy is defined as the energy released when one gram mole of ionic crystal is formed by bringing 
together correct number of gaseous cations C* and gaseous anions Аг from infinite distance. 

Clg) + Alg)  — СА" + Energy released 
lgrommole (Lattice energy) 

Lattice energy may also be defined as the energy required for one gram mole of ionic solid to be separated. 
completely info its gaseous constituent ions far away from one anolher. 

e CA + Energy required ¬ Clg) + А8) 
1 gram mole (Lattice energy) : 
of ionic solid 

Higher the lattice energy of a crystal, the larger is its stability and higher is its melting point. As for example, 
LiF having lattice energy 240.1 k cal/mole, melts at higher temperature than Lil having lattice energy 174.1 k 
cal/mole. 


Lattice energy of some alkali metal halides in k col/mole are given below : 


Potassium 
Rubidium 
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The lattice energy of a crystal is determined by Born-Lande equation. 
NASZ 1 1] 
Tet + ГА n 
where N= Avogadro's number, A= Madelung constant which depends upon the crystal structure. Two crystals 
having same structure must have same values of A. 
Z, and Z_= Charges on the cation and anion respectively. 
е = charge of an electron 
п = Born exponent which depends upon the outermost electronic configuration of the ion. 
rc* and ra = radii of the cation and anion respectively. 
r= rc** ra = Inter-ionic distance of the crystal. 
Conclusions from Born-Lande equation : 
1. As inter-ionic distance decreases U increases i.e., the crystal becomes more stable. Thus, 


U= 


А) U (kJ тое!) 
LiF 2.01 -1004 
Csl 3.95 -527 


Product of ionic ch 
2. For isoelectronic (n constant) and iso structural crystal (A constant) U « egre 
Inter-ionic distance 


ralÃ) ZZ- тр°С U 
MgO 2.106 4 2800 very high 
NaF 2.310 1 990 low 


3. Crystals having high lattice energy, melt at higher temperature than the crystals with lower lattice energy 
value. These crystals are very hard. Thus stability, m.p. and hardness of a crystal, are functions of its lattice energy. 
High lattice energy is favoured by a small inter-ionic distance and a high charge on the ion. 

4. Lattice energy of a crystal gives a fair idea about the solubility of an ionic crystal in a polar solvent. 

If the solvation energy of solute overcomes the lattice energy of the crystal, then and only then the solute 
will be soluble in that particular polar solvent. 

ө Solvation Energy : 

A solution is formed when one substance disperses uniformly throughout another. Polar solutes are soluble 
in polar solvents, because the polar solvent molecules exert sufficient attraction for the ions of the crystals to pull 
them away from their positions in the crystal lattice. A new interaction must be developed in between the polar 
ion and the polar solvent Иген а in this state ће ions become more stable than they were in the crystal 
state. Whenever an ionic solute di in polar solvent, the polar solvent molecules orient themselves around 
the cation and anion of the polar solute solution. 

This process of orientation of polar solvent molecules around the ions of the polar solute molecules is called 
solvation and the energy released in this process is called solvation energy. 

Whenever a polar solute comes in contact with polar solvent molecules, solvation is released. If the 
solvation energy exceeds the lattice energy of the crystal, the polar solute molecules become soluble in that solvent. 
Polar solvent molecule with high dipole moment and high dielectric constantis a better candidate in the dissolution 
of polar solute. 

The dielectric constant of water is 78.54 at 25°C. Thus when NaCl molecule is immersed in water, the force 
of attraction between Na* and CF is diminished by 78.54 times than it were in vacuum. When NaCl is added 
to water, the dipolar water molecules orient themselves on the surface of NaCl crystal. The positive end of the water 
dipole is oriented towards the Cl ion while the negative end of the water dipole is oriented towards the Nat ion. 
The resulting force is ion-dipole force. This ion-dipole attraction between Na* and Cl ions and water molecules 
is sufficiently strong to pull these ions from their positions in the crystal. 

NaCl — No* + CF 
Nat + 6HO == [Na (H,O}.}*- Qi cal 
: CF + 6HO = [C (HOF -Q cal 

© and Q; are the hydration energy (solvation energy) of Na* and CF ions. Since the total hydration energy 

О + ©) is found to be higher than the lattice energy of the NaCl crystal, the later dissolves in water. 
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= (121) 


2г а 

d = dielectric constant of ће medium, е = charge on ће ion and r= radius of the ion. E = solvation ener: 
It is clear that E = d i.e., higher the value ch delete сое. medium, higher is the solvation energy od 
higher is the solubility of the polar solute in the polar solvent. NaCl is insoluble in benzene or in other non polar 
solvent. This is because, benzene has zero dipole momentand its dielectric constantis very low. Hence the solvation 
energy of Na* and Cl in benzene is very low, 
which can not exceed the lattice energy of NaCl. 


ө Born е cycle : T. ©-©-©- ee 
The net change in energy A Hin mation + х і 
jen : р > EN ANE e 
e e a epean OOOO 7 


ан ора. А МЇ 
ius o 


Solvation energy and dielectric constant is related by Born equation : E = 


been experimentally measured. Then URS г: А L ау Аара 

Hess’s law of constant heat summation, the unl © О) @)- Gp 2 { QS 

heat change can be found out. Sy 
Born-Haber process relates the lattice energy Crystal of Sodium Hydrated ions 

with other thermo dynamical quantities. Chloride in the solution 
Hess's law of constant heat summation : Fig. 6.7 


The law states that, for a given mass of reactants, 
the heat change in a given reaction depends ie upon the initial and final stages of the system, and is 
independent of the path followed, provided that, heat is the only form of energy which enters or leaves the 
system. 

Let us consider the formation of one gram formula weight of NaCl from metallic sodium and gaseous chlorine. 


(i) Solid NaCl is obtained in one step by the combination of the two elements. The heat liberated is the heat 


of formation (©) of NaCl. 
Nals) + Са) = NaCl{s)-Q 

The process being exothermic Q is negative. 

(ii) Solid NaCl may also be formed by the following steps— 

(a) Gaseous Na is formed from solid Na by applying heat. Ма(ѕ) > Nalg) + 5 

Sis the sublimation energy which is endothermic, because this much energy is to be supplied from outside 
to convert solid Na to gaseous Na. 

(b) Gaseous chlorine molecule is dissociated to form Cl atom by supplying heat of dissociation D. This process 
is also endothermic. 

1/2 Chig) > Cl(g) + 1/2 D. 

(c) Gaseous Na is ionisd by the loss of 1 electron and for this is required ionisation energy I.P which is also 

endothermic. 
E No(g) - e > Nef(g) + ІР 

d) Gaseous Cl atom captures the electron left by gaseous Na atom to form СГ(9). For this the energy which 

is released is the electron affinity (E.A]. The process is їс. 
Clig) + e э Сд) - EA. u^ dd 

е) In the last st *(g) and must combine er to form NaCl crystal. In this step energy is releas 

huh ^ lattice phe dr rite ee Ai is E aleek qi xi 
Natig) + CHg) => NaCl(s) =U medi. 

Process : in 5/5 law of constant heat summation, heat change in one step is equal to the heat 

changes in Ha io Men We can write the Born-Haber cycle as follows— 
-Q= S+ 1/2D« LP.- EA.-U 
Substituting the values of Q, S, D, I.P. and E.A. one can find out the lattice energy of NaCl. 
98:2 = 26 + 1/2 х 57'6 + 1179-86 5-U 


ог, О = 1844 kcal/mole. 


This cycle may be depicted as follows : 
Neca eorr Мо*(9) + CF (9) 
-Q +IP. -EA 


$+1/20 
Nats) +  Chtgl > Мад) + Clig) 
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Application of Born-Haber cycle : 

(1) Electron affinity (E.A.) of an atom can be evaluated from Born-Haber cycle. 

(2). The correct ionic valency can be predicted with the help of this cycle. In general, ‘an atom forming 
ionic bond always achieves maximm ionic valency. Thus although the first I.P. of Mg is much less than that of the 
second І.Р. Yet Mg always forms di-positive Mg?* but never Mg’. It can be shown that during the formation of 
say MgCl, more energy is released than in the formation of MgCl as shown in the following two Born-Haber 


cycles. 
Q 


Formation of MgCl, : Mg{s) + С) Zs MgClds) 

*35 

Mglg) +58 

| +176 

Mg'lg) 2Cl\g) -600 (units are in k cal) 
+348 | -172 

Mg* + 2810) 

تد 


Q = Net energy released in the formation of MgCl; 
= 35 + 176 + 348 + 58 - 172 – 600 = -155 k cal/mole 


Formation of MgCl : 
Mg(s) + '/Ch(g ———» МӘС) 
*35 +29 
Mglgl Cl(g) 
p 176 | -86 +171 {units are in k cal) 
Mg* * CHgl 
M —————————— 


©) = net energy released in the formation of 
MgCl = 35 + 176 + 29 - 86 - 171 =-17 kcal/mole 
Hence Mg favours the formation of MgCl; rather than MgCl. Similar calculations show that formation of 
NaCl; or, CaCl ог MgCl, is energitically unfavourable. 
6.5. Exception of octet rule and variable electro-valency. 
There are a number of elements which exhibit variable electro-valency. 
(a) Transition elements like Fe, Co, Ni, Cu etc., contain 1 or 2 electrons in the outermost 
s orbital. Even after the release of electrons from the outermost s orbital, the ions do not acquire 
stability and as such 1 or more electrons from (n — 1)d orbital is lost and the resulting ion 
becomes stable. As a result, these elements exhibit variable electro-valency. 
Thus, Fe in ferrous state is bivalent, while in ferric state it is trivalent. 
Ее = 15? 2s? 2p® 3s? 3p® 34% 452. 
When it forms bivalent ferrous compounds it loses 2 electrons from 4s orbital and becomes 
За configuration. Fe** = 1s? 2s? 2p 3s? 3p® 3d 6. Now by losing 1 more electron from 3d orbital 
it attains 3d 5 configuration (half filled) and exhibits trivalent state. Since according to Hund’s 
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rule, 3d 5 is half filled shell, itis more stable than 3d © configuration, as a result, ferric compounds 
are more stable than the ferrous compounds. This is shown in the following table : 


3s 3р° 34° 
3s 3p* 3d* 
32 3p* 345 


Fe? 


Similarly, copper when loses only one electron from 4s orbital, it becomes monovalent 
(cuprous). In cupric state it loses one more electron from 3d orbital and becomes bivalent. 


Number of | Valency 
LM electron lost 


I 


Сы 1s 33? 3p* 391% 
Cur LES 3s? 3p* 3010 
Су” 12 39 3р» 3d? ` 


(b) If the nuclear charge of an atom is high, loss of electrons from penultimate shell is 
comparatively difficult.The nuclear charge of Fe is 426 and that of Co is +27. As a result, the | 
3delectrons are more firmly boundby the higher nuclear charge ofCo. This explains why cobalt 
can not form tri-positive Co?* as easily as that оў Fe. 

(c) Ga, Sn, Pb etc.,-of the representative elements of general electronic configuration ns? 
пр!“ also exhibit variable valencies e.g., Pb shows both bivalency and tetra valency. This is 
because of the fact that, when it loses 6p electron pair and becomes bivalent, 6s electron 
normally remains inert. But when the 2 electrons of 65 are utilised Pb becomes tetravalent. 


Number of 
Mies oes En 


282p | за 3p 3d |з Ap* Ado 4P^ | 522 5р? 5d'^ | óstóp? ра 
6s? 2 
z ky 
ә Inert pair effect: 


232 орь | 3s? 3p! 3d'o |452 4p 44'оАР | 5s? Spt Sd"? 
Some of the heavier sub-group A elements e.g., In, Tl, Pb, Bi etc., in addition to their Seat valency, 
also exibit valency two units less iie., these ions have a charge of two units less than that of the 
group ion or in other words, the twa.lectrons are so stoble that they do not play their port in the formation of ion. 
These two electrons belong to either 5sor ós orbital. Such a pair of ns electrons is called inert pair and the effect 
caused by this pair on the physical and chemical properties of the ion is called inert pair effect. 6s electron pair 
is however more inert than 5s pair presumably due to the poor screening power of the inner Af electrons which 
is not present in the atoms having outer 5s electrons. Larger ellipticity of the 5s ‘and 6s orbits may also be another 
cause of their inertness. Some of the elements where inert pair effect is observed and their variable valencies are 
shown in table. 


Pb | 1s? 
Pb? | 12 
Pht | 1s? 


In (+1, +3) Sn (+2, +4) Sb (+3, +5) Te (+4, +6) 
Tl (+1, +3) Pb (+2, +4) Bi (+3, +5) Ро (+4, +6) 
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Applications : 
(a) The normal valency of In and Tl is 3, but due to inert pair effect their +1 state is more stable. 
In* = 1s? 2s? 2р5 3:2 3p$ 3d!9 4s? 4р Ad!0 5:2 (18 + 2 electronic configuration) 
In?* = 152 252 2p 3s? 3р5 3d! 4s? 4р5 4010 (18 electronic configuration) 
(b) The oxidising property of Pb(IV) compounds and reducing property of Sn(ll) compounds can be easily 
explained on the basis of inert pair effect. 
Sn = 152 2s? 2p* 3s? 3p 3d'? 43? Ар5 Ad? 55? 2 
Pb = 152 2s? 2р 3s? 3р5 341° 4s? 4р Ad 0 Af!4 55? 5р5 5010.652 

In ће last member of group IV А i.e., Pb; inert pair effect is more pronounced. In other words, Pb** is more 
stable than Pb* ion. This means that РЫУ) compounds with 5s? 5p* 541° configuration has greater tendency to 
accept electrons and acquire 5s? 5p* 5d? 6s? i.e., (18 + 2) configuration. Hence all Pb(IV) compounds are 
oxidising agents. As far as Sn is concerned, Sn* is more stable than Sn?*, since in this case the inert pair effect 
is not pronounced. Hence in Sn with 18 electron configuration is more stable. Consequently Sn% with 4s? 4р5 4d ' 
5s? electronic configuration loses two electrons and thus exhibits reducing property. Moreover, PbBr, and РЫ, do 
not exist at all, but the corresponding compounds of Sn e.g., Sn Br, and Snl, can be obtained. 

(с) The non existance of Bi(V) compounds, is a direct evidence of the inert pair effect. 

Ві = 1s? 2s? 2p* 3s? 3p5 3410 As? ApS 4010 4Р4 5s? 5p5 510 62 6р? 
Віа „ nnw „ „ n # n 552 5р6 5010 652 
Bite v « „ nw u ^ „n и 552 5ps5d'o 

(18 + 2) configuration in Bi?* is more stable than Bi** (18 electron configuration), 6s electron pair being more 
inert. 

(9) It is due to the inert pair effect that the lower oxidation state becomes more stable as we move down the 
group ina periodic table. Thus, TÍ(I) compounds are more stable than Ti(III) compounds. Pb( I!) DD aremore 
stable than Pb(IV) compounds. Bi{V) does not exist. Bi is always trivalent. 

6.6. Characteristics of ionic compounds. 

(1) Physical state : An ion can attract its oppositely charged ion from any direction. As a 
result, each positively charged ion is surrounded by greatest possible number of negatively 
charged ions which in turn is surrounded by maximum possible number of positively chargéd 
ions. As aresult three dimensional crystal results where the cations and anions are alternatively 
held together by strong electrostatic force of attraction. Consequently, the ionic compounds 
form giant ionic crystals. Thus electrovalent compounds аге not easily liquified. Hence ionic 
compounds are solids at room temperature. 

(2) Hardness : Ionic compounds are hard, because strong electrostatic forces attract the 
oppositely charged ions. 

(3) Molecules of ionic compounds are polarised : Each ion pair (C* A7) in an ionic 
compound is polar. Each ion pair acts as a micro magnet. Hence ion pair-ion pair attraction 
is very strong in ionic compounds. 

(4) Conductor of electric current : In 
solid state ionic compounds do not conduct 
electricity. 

This is because of the fact that, the ions 
are stationary in the ionic crystal and the 
cations and anions are held together by 
strong electrostatic force. But ionic compounds 

Fig. 6.8 : are good conductors of electricity in the 
fused state or in solution. In molten state the ionic compounds are composed of ions which 
are not restricted to stationary positions as in the crystal lattice. The freely moving ions 
permit electrical. conductance. In polar solvent they form discrete solvated ions which 
carry electric current. 
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(8) High m.p. and b.p. : Since the lattice energy of ionic crystals are comparatively high, 
they melt at higher temperature. Their melting points and boiling points are high and they are 
less volatile. Thus, NaCl melts at 820°C and boils at 1600°C. 

(6) Solubility : Polar compounds are soluble in polar solvents because the solvation energy 
of the compounds exceeds the lattice energy of the ionic crystals. 

(7) Stereo isomerism : Electrostatic force in an ionic compound extends in all directions— 
each ion holds a definite number of oppositely charged ions. As a result, a non-ending array of 
alternate positive and negative ions results. Hence in ionic compounds no discrete molecule is 
present. lonic bonds are non directional, hence stereo-isomerism is not observed in ionic 
compounds. 

(8) Isomorphism : Iso-electronic ionic compounds exhibit isomorphism e.g., NaF and 
MgO, CaCO; and NaNO;, CaCl, and K;S аге isomorphous. 

Nat F- | Мұ O7 
2.8 2.8 «— Electronic configuration — 28 2.8 

(9) Chemical reaction : The chemical reactions of ionic compounds are in fact, reactions 
oftheir ions. These ionic reactions are so fast that it is difficult to study the rate of ionic reaction. 
Thus we see that as soon as AgNO; solution is added to a solution of NaCl, immediately a white 
precipitate of AgCI results. 

Na*Cl- + Ag*NO; — AgCI J + Na*NO; 
6.7. Covalency— electron pair bond.or covalent bond. 

Elements having the same or nearly the same electro-negativity, can not transfer their 
electrons of the outermost shell, since both the elements have same affinity towards the 
electron. In such cases atoms of the same or different elements can achieve noble gas electronic 
configuration by sharing some number of electrons from the two atoms with the formation of 
one or more electron pairs. The common electron pair (s) is supposed to be belonged to both 
the combining atoms. Each atom shares the electron pair (s) in completing its octet (duplet in 
case of hydrogen). The electrons which take part in the formation of the shared pair (s) of 
electrons must have opposite spins. ; 

According to С. №. Lewis (1916), —4A covalent chemical bond is formed between two atoms 
having same or comparable. electro-negativity by mutual sharing of pairs (s) of valence 
electrons with opposite spins, each contributing equal number of electrons to the electron 
pair (s). As a result of sharing electrons between atoms, each atom acquires a noble gas 
configuration. Since transfer of electron does not take place in this process, charges of the 
atoms remain same. 


ө Covalent bond : A covalent bond may be defined as a force holding atoms together 
through sharing of electrons having opposite spins. 

The characteristics of covalent bond are— 

(i) The covalent bond holds the combining atoms firmly in a molecule and the shared pair 
of electrons are localised between the bonded atoms in such a way so that the influence of the 
two nuclei of the two bonded atoms on the electron pair remains same. 

(ii) А covalent bond may be formed between atoms of same or different elements e.g., 
Н›, Ch, H20, HF etc. 

(iii) Each atom during sharing of electron pair must attain the electronic configuration of 
noble gas. e.g., either He (duplet) or other noble gases (rule of eight). 

(iv) Atoms forming covalent linkage are electron deficient. 

(v) Each atom contributes one electron to a covalent bond and after sharing, the electron 
pair becomes the common property of the two atoms. 
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(vi) Covalent bonds have fixed direction in space. ` 

(vii) Unlike ionic compounds, covalent compounds form EEE molecules. 

(viii) Since covalent bond does not form due to the loss or gain of electrons, the charges 
of the atoms forming covalent bonds do not change. 

(ix) The formation of covalent bond is most pronounced if the difference of electro- 
negativity between the two participating atoms is less than 2*1 (Hannay Smyth). 

(x) An ideal covalent compound results when all the bonds are covalent in nature. 

€ Types of covalent bond : 

(i) Single bond : A single covalent bond arises by the sharing of two electrons furnished 
by two atoms. This is represented by (—) symbol. In modern terminology, a single covalent 
bond is called sigma (с) bond i.e., H—H, CI—CI etc. 

(ii) Double bond : A double bond is formed when two electrons are supplied by each atom. 
This is represented by (==) symbol. A double bond is a combination of one sigma (с) and one 
pi (п) bond e.g., O 2 О, C 2 C etc. 

(iii) Triple bond : A triple bond is formed when each atom in a diatomic molecule furnishes 
three electrons each. A triple bond is a combination of one sigma and two pi bonds. The symbol 
(=) is used to denote a triple bond e.g., N= №, C = C etc. 


Beo Beo in , Pair of electrons 
involved in the bond 
1. Wen coin etg H-H> H 
= 2 electrons 1H- Cl + HC 
Ci ° cb 
2. Double bond i apo 0:020; 
‚ = 2х2 = 4 electron: О=С=О-—›СО, 
3. Triple bond E PA М=М= № 
З = 3 x 2 6 electrons С=С CO 


As a general rule, the distance between bonded atoms decreases as the number of 
shared electron pair increases. Thus, in nitrogen N № bond length = 1°47 A, N=N bond 
length = 124 А and М =N bond = 1'1 A. 


€ The electronic structure of covalent compounds and method of writing Lewis 
structure : 

The following step by step procedure is adopted to represent Lewis electron-dot structure. 

(1) At first add up the number of valence shell electrons i.e., outer quantum shell electrons 
of the combining atoms. The number of valence shell electron corresponds to its position in 
the group of the periodic table. Thus all elements in group VII A contains 7 valence electrons, 
VA contains 5 electrons and so on. If the species is neutral than total number of valence 
shell electrons is just the sum of the valence shell electrons of each atom. If the species is 
anion then one electron is added for each charge. If it is cation then one electron is substracted 
for each charge. Thus, for each negative charge one electron is added to the total number of 
valence electrons and for each positive charge one electron is substracted from the total number 
of valence electrons. Thus, іп N;O, the valence shell electron is 2 x 5 + 6 = 16, in СО; it is 4 
+2x6= 16, in СО? itis4+3x6+2 = 24, in NH} itis 5 +4 1 = 8. 

(2) The central atom should be less electro-negative. The symbols of reacting atoms are 
then written down so as to show which atoms are connected to which atoms. Sometimes atoms 
are written in the order in which they are connected in the molecule or in ion e.g., HCN. 
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(3) Electrons are normally represented as dot (°), (о) or cross (X). 

(4) A single bond is drawn between each pair of atoms and then the remaining electrons 
are put down on the atom as unshared pairs so that octet is achieved (exception hydrogen). If 
the octet is not satisfied then one or more of the electron-pairs that were placed as unshared pairs 
must be used to form double or triple bonds. If there are too many electron-pairs, then octet is 
not obeyed for one or more atoms in the compound. 

It should be kept in mind that Lewis dot structure does not represent the shape or geometry 
of the covalent molecules. 

© Formation of covalent bond : 

The formation of covalent bond is illustrated by the following examples— 

(1) Formation of hydrogen molecule : Hydrogen atom (15!) has a single electron in its 
outermost valence shell. When two hydrogen atoms combine to form diatomic hydrogen 
molecule, each H atom contributes one electron to form an electron-pair which is equally 
shared by both the hydrogen atoms. Thus by sharing the electron-pair, each H atom in the 
molecule will have two electrons (duplet) in the outermost orbit and thus achieves the 
structure of helium. à 


single bond = 


(2) Formation of chlorine molecule : Chlorine molecule is diatomic, each C] atom 
contains 7 electrons in its outermost orbit. When two Cl atoms combine to form chlorine 
molecule, each of them contributes one electron to form a single electron-pair which is 
equally shared by both the atoms. Thus by sharing the electron-pair each СІ atom in the 
molecule will have 8 electrons in the outermost orbit and thus each of them achieves the 
structure of argon. d 


^ anvi ED BH 


' (3) Formation of HCl and HF molecules : During the formation of hydrogen chloride 
each Н atom contributes one electron and each Cl atom contributes 1 electron to form a 
single electron-pair which is equally shared by both the atoms to form a covalent bond between 
Н and Cl atom. Thus, by sharing electron pair each Н atom achieves the structure of He and 
q Cl atom achieves the structure of Ar. 


Wun К У BU a GS) or iocur 


HF molecule is similarly formed with the formation of covalent bond between one H-atom 
and one fluorine atom. ; : 
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Formations of some other molecules by covalent bond are illustrated below— 
(4) Formation of H;O molecule : 


«i^v ШЕ 1м) 
2 covalent single bond 
2 electron pairs 
Structure of HO molecule 


(5) Formation of H2S molecule : 


ae Uem Т > 


2 C single 


2 {Кер pairs bonds 
Structure of H;S molecule 
(6) Formation of ammonia molecule : 
lone SENS 
н/ ۸ Us CC © E zr» 
3 elecron pairs uiam Ak 
Structure of ammonia molecule 


BF; molecule is formed Is the similar process. 
(7) Formation of. T and CCl, molecules : 


zs 4 sels of electron pair 4 covalent bond 


(8) Formation of oxygen molecule : 


There are 6 electrons in the outermost orbit of O-atom. Each oxygen atom contributes two 
electrons to form covalent double bond between two O-atoms. 


or i 


Two pairs-of electron Formation of 
covalent double bond 
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(9) Formation of CO; molecule : 


oe) оо 
о О == —0 = 0 = 
"АЛЯ кед 
Formation of 2 pairs 2 double bonds in 
of electrons CO, molecule 


(10) Formation of ethylene (C;H,) molecule : 


1 double bond and 


1 single bonds 


2 electron pairs between 2 C,atoms 


(11) Formation nitrogen (№) molecule : 


ee оо 1 s 2. 
o a Gir T 


2°5 25 2:8| Z8 ) 
3 electron pairs 1 triple bond 
(12) Formation of HCN molecule : 
valence electron 
12445210 
. x = 
н + Cr + AN ен) нота 
3 electron pairs 1 triple bond. 


(13) Formation of acetylene (C2H2) molecule : 


Valence electrons 
=21х2+2х4=10 


2н + eeo RD or UA 


Aste 1 triple bond 


224 ELEMENTS OF CHEMISTRY 


(14) Formation of hydrazine molecule : 


eb De 


` Electron structure of hydrazine 


(15) Formation of ethanol (C3H5OH) molecule : 


H H 
ox ox ee H H 
. el 
Hi. СУС SC 8A QERTAF 
н К oe H H 
Electron structure Bond structure 


(16). Formation of SCN- ion : 


[g ei] — [£e] 
Electron structure Bond structure 


Valence ela kora был] 
negative charge = 16 


(17) Formation of hydroxonium (H. ,0*) ion: 


* + 
H Hire pate ae 
H 
Bond structure 


Electron structure 
Valency electron = 6 + 3 - 1 
Positive charge = 8 


(18) Formation of hydrogen peroxide molecule : 


chp omer 
5 ` bond structure 


Electron structure 
*Valence electron = 2 + 12 = 14 


| 
| 
| 
| 
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(19) Formation of potassium permanganate molecule (KMnO,) : 


Pax sam 
:0 2 P— С: 
| 
с: 
POCI, molecule 


| 


(23) Formation of XeF; molecule : 


оо s, 99 оо ,.** 99. 
SF. 2 Xo« o. o э oF — Xe — Fo 
оо we оо оо • оо 
6.8. Modern concept of covalent bond— valence bond theory. 

The valence bond theory is an improvement on the electronic theory of valency of covalent 
bonding. According to electronic theory, a covalent bond is formed between two atoms by 
sharing a pair of electrons and the molecule thus formed becomes stable as each of the 
constituent atoms achieves a stable electronic structure. But the shared pair of electrons 


between two atoms must repel each other. Again according to Heisenberg's uncertainity 
defined simultaneously. An 


principle, the position of an electron and its momentum cannot be 
electron must be regarded to exist in a more diffused region around the nucleus. This region, 
rich in electron is called atomic orbital. 
An atomic orbital is defined as the region in space around the nucleus where there is high 
probability of finding the electron charge cloud. 
The shape of atomic orbital is of great importance in c 
orbital is indicated by the wave function. Each orbital can 
with opposite spins. 


СН-П/15 


hemical bonding. The shape of each 
accommodate maximum 2 electrons 
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(1) s-orbitals : (а) For an s orbital the azimuthal quantum number (1) = 0 and magnetic 
quantum number (т) = 0. This indicates that the probability of locating the electron in s-orbital 
is independent of the direction from the nucleus, i.e., y y 
s-orbital is non-directional. Consequently, the shape 
of s-orbital is spherically symmetrical. 

(b) The size of an orbital depends upon the 


principal quantum number Xn). Thus, although the noce ees 
shape of both 15 and 2s orbital is same, the size of 2s пе 1,1=0,т=0 n=1,/=0,m=0 
orbital is larger than 15 orbital. Fig. 6.9 


(2) p-orbitals : (a) For a p-orbital, when the principal quantum number n = 2 and azimuthal 
quantum number (1) = 1, the orbital is designated as 2p. Now since for / = 1 and magnetic 
quantum number (m) = —1, 0, +1; there are three p-orbitals as 2p,, 2p, and 2p. 

(b) The shape of p-orbitals resembles dumb-bells having two lobes. All the p-orbitals have 
same shape but different orientations in space. 

(c) There are three orientations for p-orbital—the р, orbital is lying along the x-axis, py is 
lying along the y-axis and р, orbital is lying along z axis. 

(d) px py and р, orbitals are perpendicular to one another. 

(e) Unlike s-orbital, p-orbitals have directional character. 

(f) All the p-orbitals of a particular shell have the same energy. The p-orbitals of higher 
energy shell have bigger sizes. 

(g) The two lobes of dumbell shaped p-orbital are separated by a nodal plane where the ` 
electron density is zero. 


EN 


2 
\, 


Рх orbital Ру orbital Pz orbital Рх, Py, Pz orbitals 


Fig. 6.10 

The shapes of these orbitals are responsible for the shape of molecules obtained by the 
chemical combination of atoms which utilise these orbitals for bonding purpose. 

Lewis electronic theory of valency can not explain the shape of the molecule. The theory 
fails to explain how the sharing of electrons gives rise to stable bond formation. The correct 
answer was provided by Heitler and London in their valence bond theory using wave 
mechanics. The important aspects of valence bond theory are— 

(i) A covalent bond between two atoms is formed by the overlap of two atomic orbitals of 
proper energy. When two atoms combine with each other, their singly occupied i.e., half filled 
valence orbitals overlap. Because of this overlapping of orbitals, the electron density between 
the two nuclei increases and as a result of this increased electron density between the two 
nuclei the covalent bonding is formed. Covalent bond may only be formed between two atoms 
when each of them possesses an unpaired spin. 

(ii) Larger the overlap between two atomic orbitals, the stronger will be the resultant bond 
ie., a strong covalent bond results where there is maximum inter-penetration:of the charge 
densities of the electrons involved in the formation of the bond. 
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(iii) Orbitals having two electrons with opposite spins i.e., a filled orbital can not take part 
in the formation of a covalent bond. е 

(iv) The number unpaired electrons present їп an atom indicates its valency. 

(v) When the atomic orbital contains more than one unpaired electron, then more than 1 
bond can be formed. ч < 

(vi) After the overlap of orbitals, the two electrons furnished by two orbitals occupy the 
overlapping region. 

(vii) Covalent bond has directional character. The bond formed by the overlap of atomic 
orbitals will lie in a direction towards which the orbital is most concentrated. Thus p-orbitals 
with particular directional character provide stronger overlap than the spherically symmetrical 
s-orbitals having no directional character. 

The relative strengths of covalent bonds between pure atomic orbitals аге as follows— 

Overlap between 4 (s—s) (=—р) (р—р) 

Relative strength — — 1 1.7 2) 

This shows that p-orbitals can overlap with sor p orbital more effectively than twos orbitals, 

e Explain why hydrogen molecule is di-atomic but He molecule is monatomic : 

Hydrogen atom has one electron in its valence shell (15!) and thus the Js orbital of a hydrogen atom is half 
filled. So it can accommodate one more electron with opposite spin. Consequently when two H-atoms approach 
each other, their half filled 1s orbitals so that two electrons with opposite spins are accommodated in the 
overlapping region. This pairing of spins оћ electrons of two H-atoms leads to the formation of a stable sigma 
bond between the two H-atoms. 


1s orbital 1s orbital 
© * 
H H 


HH 

Stable hydrogen molecule 

Thus the electronic configuration of hydrogen molecule becomes 1s* which is a stable structure. Due to the 
presence of electrons with opposite spins in hydrogen molecule, the electron-electron repulsive force becomes 
minimum. Hence Н, molecule becomes stable. КИ ARM TE 

On the otherhand, the electronic configuration of He is 137. If two illed s orbitals overlap, the 
үтү region must have Ю accommodate 4 electrons. But according to valence bond theory, a overlapping 
region can not accommodate more thon Iwo electrons. Therefore two He atoms can not combine to form Hez. 
This explains why hydrogen is diatomic but He is monatomic. 

© Types of overlapping : 

(a) (s-s) overlapping : The formation of Н; molecule is a classic example of (s-s) 
overlapping. | 

Hydrogen atom has 15! configuration. The non directional 1s orbital overlap with the other 
1s orbital of second hydrogen atom to form a covalant bond. The two electrons with opposite 
spins are located in a region of space between the two nuclei of hydrogen atoms called 
overlaping region. 


H(1s!) H(1s') (s-s) overlaping (Hz molecule) — 
When two atomic orbitals overlap coaxially, the resulting bond is called sigma (о) ed 
All single bonds are с bonds. Such bonds are very strong as they are attracted equally by 
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two nuclei of the interacting atoms. The electrons in a с bond are localised in the region 
between two bonded atoms and do not make a significant contribution to the bonding between 
any other two atoms. The bond between the overlapping of two s orbitals is С bond. 

(b) (s-p) overlapping : Formation of HF molecule is an example of (s-p) overlapping. 

The electronic configurations of the two atoms are— 

H=1s! F = 1s? 252 2p,! 2p,? 2р2. 

As p orbital is directional, (s—p,) bond is formed along the x-axis. Similarly (s — p,) bond 
may be formed along the y-axis and (s-p;) bond may be formed along the z-axis. All these bonds 
are sigma bonds. 


Nucleus Nucleus o bond 
E sorbitol {s- p) overlapping 
Fig. 6.1 


Example : 

1. Formation of HO molecule : Two H-atoms and опе O-atom combine together to form 
H,O molecule. The electronic configurations of hydrogen and oxygen atoms are shown below. 

Н= 15! О = 152 2s? 2p,? 2р! 2p,'. 

It is observed that in O-atom there are two half filled 2p-orbitals. These two half filled 
orbitals of O-atom overlap with half filled 1s -orbitals of two hydrogen atoms during this 
combination. Thus in HO molecule, the electron density is increased between H and O-atoms 
to form O-H bonds. Since the p-orbitals are perpendicular to each other and s-orbital is 
spherically symmetrical, the H-O-H bond angle in НО molecule should be 90°, but in reality 
itis 104.5°. This is because of the fact that, since O-atom is strong electro-negative, the electron 
density between Н and O-atoms shifts towards the O-atom causing a partial negative charge on 
O-atom and partial positive charge on H-atom. This partial positive charges on two H atoms 
repel each other causing an increase in H-O-H bond angle from 90° to 104.5°. 


H 
is 18 2p, and 2p, 
: orbitals of O-atom 


Fig. 6.12 


[The bond angles H-S-H in HS and H-Se-H іп H,Se are less than that of in HzO: This shows that, larger 
the size of the central atom, the lesser will be the = bond angle H-S-H in H,Sis 92.2°. Thisis because 


of the fact that, $ atom being larger, the distance H-S greater and as S is much less electro-negative, 
the partial charge on each H atom becomes less causing less repulsion.] 

2. Formation of NH; molecule : Three atoms of hydrogen and one atom of nitrogen 
combine together to form a molecule of ammonia. The electronic configurations of hydrogen 
and nitrogen atoms are— 

HIS N = 15? 2s? 2р,! 2p 2p/. 
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The three half filled p-orbitals of N-atom indicates that 3 covalent bonds can be formed 
between N and H atoms. These three half filled 2p orbitals of N atom overlap with half filled 
15-orbitals of three H atoms during their combination. The increased electron-density between 
N and H atoms due to the overlap of 2p and 15-orbitals, causes the formation of N-H bonds in 
ammonia molecule. 

Since the p-orbitals are perpendicular to each other and s-orbital is spherically symmetrical, 
the H-N-H bond angle in NH; molecule should be 90°; but in reality itis 107°. This is because 
ofthe fact that, since N atom is more strong electro-negative than H atom, the electron-density 
between H and N atom shifts towards the N atom causing a partial negative charge on N atom 
and partial positive charges on three H atoms. These partial positive charges on three hydrogen 
atoms repel each ^ther causing the increase of H-N-H bond angle from 90? to 107°. 


Fig. 6. 13 


(с) (р-р) overlapping : Formation of (р-р) overlapping is provided by the formation of 
F, molecule. 

Е = 15225? 2p,! 2p 2p? 

The 2p, orbitals of two F atoms having unshared electron spin, coaxially overlap with each 
other with the formation of (р-р) sigma (с) bond between 2F atoms as shown below. The 
electron charge-cloud density will be concentrated along x-axis. Similarly the other (p,-p,), or 
(p.-p.) б bond may also be formed. 


y y 
P. г (Px=P o bond 


à F 
Pa, p, and p, orbital of F atom Fig. 6.14 ; molecule 


® Formation of x (pie) bond : 

Valency bond theory not only envisages coaxial overlapping between orbitals leading tothe 
formation of sigma (С) bond but alse predicts the lateral or sidewise overlapping of atomic 
orbitals. Such bonds formed by the lateral overlapping of orbitals are called pie (т) bonds. In 
pie bonds the centre of charge-densities lie above and below the bond axis. n bonds may extend 
over more than two bonded atoms. The 7 bonds which extend over more than two atoms аге 
said to be delocalised. A pie bond can never be formed with out sigma bond, because. when two 
atomic orbitals approach coaxially, they first interact i.e., overlap and after the formation ofa 
с bond, they come closer together to have sidewise overlap. As а result, whenever m bond is 
formed, the bond length between the two interacting atoms decreases, bondorder increases and 
bond energy increases. 
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Bond order « Bond energy = ме среды 


Ехатріе : 

Formation of М; molecule : 

Two N-atoms combine to form nitrogen molecule. The electronic configuration of N-atom 
is N = 152 252 2р,! 2р! 2р! 

This clearly indicates that only p-orbital electrons of N atom will take part in the formation 
of bonds. When two N-atoms approach each other along the x-axis, the p,-orbital of one will 
overlap coaxially with the p, orbital of the other to form a obond. The p, orbitals of two N-atoms 
then overlap sidewise with the formation of a л-Ьопа. Similarly p. orbitals of the two N-atoms 
also overlap sidewise to form another л-Бопа. 


N = № molecule 
1o bond and 2л bonds 


Fig. 6.16 


e. Comparison between sigma (с) bond and pie (л) bond : 

1. A a bond is formed by the co axial overlapping of atomic or hybrid orbitals while a x bond arises by he 
sidewise or lateral overlapping of atomic orbitals. Hybrid orbitals do not form т bond. 

2. А sigma (o) bond is stronger and less reactive, while a pie (л) bond is weaker and more reactive. It is to 
be noted that energy of C-C sigma bond is 83 kcal/mole while that of C-C pie bond is 63 kcal/mole. 

3. Covalent molecules must contain a bond but x bond may or may not be present. Again a x bond can not 
be formed without а sigma bond as the later forms first followed by the former, since с bonds have independent 
existence, but x bonds exist along with с bond. 

4. "bond соп net affect the gross stereo-chemistry of he molecule. The shape of the molecule is determined 
by the number of c bonds. т bond only strengthens a bond. 

5. The bond order of a sigma bond is 1 while x bonds increase the bond order, decrease the bond length 
and increase the bond energy. 

6. The electron charge-cloud density in с bond is concentrated in between the two nuclei i.e., they have 
cylindrical symmetry of electron charge-cloud density about the bond axis. The electron charge cloud density is 
localised above and below the plane of bond axis in a z bond. 
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7. o bond undergoes free rotation, while rotation of т bond is hindered, The later is responsible for giving 
geometrical isomerism. 

`8. The nodal plane in a c bond is perpendicular to the bond axis, while if ће bond axis lies in a nodal plane 
a z bond results. 

€ Resonance : 

There аге some chemical compounds in which known arrangement of atoms is not adequetly described 
a single Lewis electron dot structure e.g., Оз. The electron dot structure of O; is 2 id 


Ot 


AN 


0: :01 
The above structure shows that there are two different types of O-O bond lengths, one О-О bond is 
shorter and the other О-О bond length is larger, but in reality both the О-О bond lengths are found to be same, 
(1:278 A). Again let us consider the formation of Hz molecule. It is possible to draw four electronic structures 
because of the uncertainty of the exact location of the two electrons. 


e е е е Oee ө ө eje; © 
Ha Hs НА Нь Ha Hy НА Hs 
1 2 3 4 


None of the four possible structures represent the true picture of Hz molecule, The actual structure is an average 
of all the possible structures. The last two structures accounts for the 4% ionic contribution of H, molecule. {р fact 
calulation shows that H molecule contains 96% covalent and 4% ionic character). The actual structure is the hybrid 
of all the four structures which is unknown. In such situation chemists use the process of resonance. 

Resonance is defined as a process of describing the electronic structure of a compound by several schemes. - 
of pairing of electrons such that the average of those schemes represents true structure of the compound. Each form 
is called resonating structure or the canonical form. Тһе resonance hybrid is that structure which imparts 
maximum stability to the system and hence the hybrid is in the lowest energy state. In fac! resonance is a method 
үе henomenon) of the representation of the structure of a molecule or an ion by two or more conventional 

rmlae. It is primarily used to designate the configuration of a molecule or an ion which is a'hybrid of other 
electronic structures. 

Double arrow (<+) sign indicates resonating structures which do not oscillate among them : 

Examples of resonance : 

1. Resonating structures of CO3* : 


to: T 13 
| | 
(€ € € <> c 
GANZ ою, 
50: ог Os о: ʻo: Чә 
2. Resonating structures of SO; : ns 
о Hen $03 
1 ^ ^ 
5 S c» S 
PA vs 
1o: tot то: jor проз :0; 


3. Resonaling structures of benzene : 


Que 
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4. Resonating structures of NO; ion : 


:0; 203 senile 

| “> Wu وې‎ N 

N 
Я Жаўы YN 
юг o о; 20: S 20% 


5. Resonating structures of СО; : 
eo 00 "m + эе „э ++ oe, En T; nes ТЯ 
Q=C=Q e:Q-c*9 e '2-С-ОФ е :9-с=0 © $OzC-Qs 

e Salient points of resonance : 

1. Canonical structures do not indicate that they are different kinds of molecules or ions. 

2. All the resonance forms do not contribute equally to the actual structure. 

3. Resonance structures are interconvertible by one or a series of short electron shift. 


| 
Structure Il is derived from | by the shift of two electrons one involving lone pair and the other л electrons. 
4. The proposed canonical. structures should have a maximum number of bonds. 
5. The positions of the atoms in all the resonating structures must be the same. 
Thus, $O =O > 2; cannot be regarded as a canonical structure of ozone as Оз molecule is angular. 
6. Resonance structures must have the same number of unpaired electrons. 
____Ifthis is not the case, then the magnetic moment of the different canonical forms would be different. Thus, 
X —Y can not be a resonating structure of X = Y 
7, Canonical structures in which adjacent like-charges appear will be unstable as a result of electrostatic 
repulsion. Again placement of adjacent charges of opposite sign is more favourable than when they are far apart. 
Thus 3 is nota canonical structure of hydrazoic acid (N3H). 
ee oo + + oo 
Н-М= №= № e H-N-N= N; ө H-N= М-М 
(1) (2) (3) 
8. As the number of canonical structuresincreases, the molecule or ion becomes more stable. 
9. Canonical structures where the negative charges reside on the most electro-negative atom and positive 
charges on the most electropositive atom, have larger contribution and hence more stable. Thus the contribution 
of the structure 3 of the following, has negligible contribution. 


R RL + = R- + 
exo <5 rte СУ 269 
п) (2) (3) 


10. Non polar structures are, in general, more stable than dipolar valence bond structure. Thus structure 2 
is less stable than 1, because of charge separation. 


о 
И. 


+ 
Мб—н 


m 
€ Resonance energy : y 
We have already mentioned that resonance hybrid is more stable and hence possesses least energy than any 
of the canonical 3 4 
Resonance energy is defined as the amount of energy by which the actual structure lies with the more stable 
of the resonating forms. It can be experimentally determined by thermodynamic method. 


[9] 
„с? «— CH-C 
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6.9. Hybridisation. 
According to the extension of valence bond theory, (Pauling-Slater) 


(a) the bonds formed by the atomic orbitals must be directed since the p and d orbitals have 
directional character. ; 


(b) The theory emphasised that overlapping of atomic orbitals: leading to bond formation 
may only take place if the atomic orbitals are of similar energy and appropriate symmetry. 


Let us examine whether the atomic orbitals maintain their directional property even in a 
stable compound like HS. The electronic configurations of hydrogen and sulphur are 


HIS 
S = 15? 2s? 2p* 3s? 3p? 3р, 3p;! 
Since S-atom contains 2 unpaired electrons, it must be bivalent. 


3p, and 3p, orbital 
of S-atom Fig. 6.17 
Since the bond angle between p, and p. is 90°, it is expected that the bond angle H-S-H in 
H5S molecule shall be 90°, but actually in H:S molecule the angle is not 90? but 93°. The 3° 
deviation is explained by the force of repulsion acting between (S-H) bond having some polar 
character. Thus, it is seen that in molecule, the directional property of pure atomic orbitals is 
not maintained. 
Again simple valence bond theory predicts that the number of unpaired electrons in an atom 
indicates its valency. The electronic configurations of Be, B and C are as follows— 


ве= [tt] [fU] ] 
„ыш 27 


Px Py Р: 
CESAR M GI a на и 
15 2s\_ p 
Px Py. Р 
c= [У WET 
15 25 2р 


The above electronic configuration suggests that Be is inert, B is monovalent and carbon 
is divalent. But experimental evidences show that Be is divalent (BeCl;), B is trivalent (BF) 
and carbon is tetravalent (CH4). 

The bivalency of Be has been explained as follows— one electron of 2s orbital of Be is 
promoted to 2p, orbital and as a result 25 and 2p, orbital electrons become unpaired and now 
Be exhibits bivalency. Beryllium thus forms two bonds with Cl in 2 stages. The 2p, orbital of 
Be overlaps with 3p, orbital of Cl atom to form c bond. The second Be-Cl bond is formed by 
the overlap of spherically symmetrical 2s orbital of Be and 3p, orbital of another Cl atom. But 
s-orbital has no directional property, hence the 3p, orbital of Cl atom can overlap with 25 orbital 
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of Be atom from any angle. Mutual repulsion between the two Cl atoms put them to be at 180° 
apart and the bond strength and bond length of the two Be-Cl bonds will be different. But 
experimental evidences show that the dipole moment of BeCl, is zero and the two Be-Cl bonds 
are same in all respects. 


2s orbital of Be 


Fig. 6.18 


In order to explain the formation of BeCl and other related compounds Pauling introduced 
the concept of hybridisation of orbitals i.e., overlapping of pure valance orbitals. 

Hybridisation : Hybridisation is a process (not phenomenon) of mixing up of two or more 
atomic orbitals to form new orbitals, all of which are equivalent in symmetry and shape. The 
energy of each hybrid orbital is lower than the participating atomic orbitals. 

Now the linear and completely equivalent character of the two Be-Cl bonds in BeCl, 
molecule can be explained by the process of hybridisation. Wave mechanical calculation shows 
that one 2s and one 2p orbitals of Be are mixed and as a result, two equivalent orbitals are formed 
which are at 180° apart. These orbitals are called bond orbitals and each is called sp orbital. 
These new hybrid orbitals have strong directional character and each extends further along the 
axis than the original p orbital. 

® Formation two sp orbitals— sp hybridisation : 


sp orbital 


Fig. 6.19 

Since the probability of finding the electrons is very low in the lobe opposite to the bigger 
one, it is shown as small one. Bonding takes place through the bigger lobe. 

The electronic configuration of Be is— 15° 25° 2p?. 

In sp hybridised state the electronic configuration of 
Be = 1s? 2s! 2р!. 

Since two sp hybrid orbitals contain two unpaired 
electrons, the valency of Be is two. The two Be-Cl bonds 
ы are formed by the overlap of sp orbital of Be and 3p, orbital 
Fig. 6.20 : Two sp bond orbitals of chlorine atom. Hence the two Be-Cl bonds must be 

directed at 180° apart equivalent and collinear. 


3p, orbital of Cl а 16а 
Fig. 6.21: 


2sp orbitols of Be 


e sp! hybridisation : 
The electronic configuration of B is— 1s? 2s? 2p} 2p? 2p? 
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Here one 2s and two 2p orbitals—namely 2p, and 2p, orbitals are mixed up to generate three 
equivalent hybrid orbitals, each of whichis called sp? orbital. Mathematical calculations show 
that the state of lowest energy corresponds to three зр? orbitals which are coplaner and oriented 
at an angle of 120°to each other. 

The electronic configuration of boron in its sp? hybridised state is shown below. 


2s 2ps 2p; 
B= 15:25! 2p, 2p, 2p? ie, 1s? m 
ب‎ 2p. 
sp зр? 


The presence of 3 unpaired electrons indicates ће trivalency of B. In the molecule BF;, the 
В-Е bonds are formed by the overlapping of sp? hybrid orbital of B and 2p, atomic orbital of 
F atom. 


Final else 
Electronic configuration of ВЕ; molecule = 1s? [J 
P P spf 2р 


© sp! hybridisation : 

The electronic configuration of carbon atom is— 1s* 2s? 2p, 2p,! 2p? 

The ground state configuration of 
carbon shows that it is divalent. The 
tetravalency and tetrahedral structure 
of carbon can be explained by the 
process of hybridisation. Here one 2s One 2s and мо 2p 3sp hybrid orbitals 
and three 2p orbitals are mixed up to ахан ghi 
form four equivalent hybrid orbitals. ; 
Each orbital is called sp? hybrid orbital. 
They are directed towards the four 
corners ofa regular tetrahedron. Quan- 
tum. mechanical calculations show 
that the state of lowest energy 
corresponds to four orbitals directed 
to the four corners of a regular 
tetrahédron which are oriented at an 
angle of 109728". Fig. 6.22 
j | The electronic configuration of 
Ng 


carbon atom in sp’ hybridised state is— 


cos HOW 
sp! sp! sp! sp" 

The presence of 4 unpaired electrons 
in four equivalent sp? orbitals of 
carbon atom confirms the tetravalency 
of carbon. 

Thus each 15 orbital of 4 hydrogen 
atoms overlaps with 4 sp? orbitals of 
carbon atom to form 4 equivalent C-H 


bonds in methane. 
H 


H H 
CH, = 1s? 
psp зр зр 
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e spd hybridisation : 
spv sp? and sp? hybrid orbitals are equivalent i.e., all of them are identical in composition 
(i.e., s% and p% character). Thus, each sp hybrid orbital contains 50% s and 50% p character, 
each sp? hybrid orbital contains 3396 s and 6796 p character and so on. But in case of spd 
orbital each orbital is non equivalenti:e., an зра orbital consists of two sets of sp? and dp e.g., 
electronic configuration of P = 15? 2s 2p* 35? 3p,' 3p," 3p.' 349. One 3s, three 3p and one 3d 
namely 3d; orbitals are mixed together to generate five spd hybrid orbitals, each is directed 
to the five corners of a trigonal bipyramid which contains three 120°, six 90° and one 180° 
angles. Hence the hybrid orbitals no longer remain equivalent. 
In the formation of PCI, molecule, each of the five spd hybrid orbitals of P atom overlap 
with five 3p, orbitals of five Cl atoms to form five с (P-Cl) bonds. The electronic configuration 


of P atom іп spd hybridised state is given here. 
3s 3p, 3p, 3p. 3d 3d 


P (in sp’d state) = 1s? 2s? 2p* FT ere 


а spd 
The two axial bonds have larger dp character 
and the three equatorial bonds have more sp? 
character. 
à e spd? hybridisation : 
Я | The electronic configuration of S atom is— 
а 152 252 2p® 3s? 3p,? Зру! 3p, This shows that 
S is bivalent. But in SFe, S is hexavalent. This can 
Fig. 6.24 be explained by the process of sp*d* hybridisation 
of S atom. S atom in its sp3d* hybridised state, опе 3s, three Зр and two 3d orbitals namely 
dag and da are mixed together to form six equivalent зр? hybrid orbitals. The electronic 
configuration of S atom is sp2? state is— 


3s 3p, 3p, 3p. 3d 3d 3d F П F 
seie2e25. [тС] Dr] E] Cr] E] CEL 
ret here ج‎ 
spd? hybrid orbital 
Since there are 6 unpaired electrons, S is F n F 
hexavalent. The shape is octahedral. 
€ Salient features of hybridisation : Fig. 6.25 


(1) Hybridisation is a means of modifying the orbital overlap model to explain the formation of covalent 
bond. 


(2) It is the atomic orbitals but not the electrons that take part in hybridisation. 

(3) Atomic orbitals having comparable energy and symmetry can take part in hybridisation— this explains 
why the atomic orbitals of same principal quantum number or adjacent principal quantum number can take 
part in hybridisation. j 

(4) Number of atomic orbitals taking part in the hybridisation is equal to the number of hybrid orbitals. 

(5) Hybrid orbitals possess less energy than atomic orbitals. 

(6) Electron charge cloud density is greater in hybrid orbitals than in pure atomic orbitals. Hence hybrid 
orbitals form stronger covalent bond than pure atomic orbitals. 

(7) Hybrid orbitals form only с bonds. They normally do not form z bonds. 

(8) As the directional characters of hybrid orbitals are different from the atomic orbitals, they influence the 
geometry, bond angle and bond length of a molecule. _ 
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(9) The different atomic orbitals involved in different hybrid orbitals are as follows— 
Participating atomic orbitals 
s-orbital + any one p orbital 
s-orbital + any two p orbitals 
s-orbital + other three p orbitals 


s-orbital + p, + ру+ dey 
s-orbital + p, + py + p. + d? 
s-orbital + p, + p,* p. * dy-y + de 


(10) The statement— ‘Methane is tetrahedral because carbon atom is in sp? state’ is not correct. The correct 
statement is ‘Methane is tetrahedral because in that state methane molecule possesses least energy’. This 
tetrahedral structure can be explained by sp? hybridisation of carbon. Thus it is not correct to attribute the shape 
of a molecule to hybridisation. 

е Hybridisation and shape of a molecule. 

The shape of a molecule can be predicted by knowing the steric number of the central atom. The stericnumber 
of an atom is the sum of the number of a bonds and the number of unshared pair or lone pair 


Steric number = Number of o bonds + Number of lone pair 


Thus in SF; and PCls, the steric numbers of S. and P are 6 and 5 respectively, because neither S nor P contains 
any lone pair. In XeF;, the steric number of Xe is five because Xe contains 2 c bonds and 3 lone pairs. 


In NH, the steric number of Nis 4 as it contains 3.6 bonds 


and one lone pair. In HO, oxygen contains 2 o bonds and 2 @ eo pair 
. lone pairs. Hence steric number of oxygen is 4. Now if the E 
central atom contains lone pair(s) the normal. bond angle is (Sree eem 


altered and hence the structure is deformed. A regular shape © 

can be obtained if no lone pair is present around the central 

atom in the nolecule (see V.S.E.P.R. theory). In ће following table steric number, along with hybridisation and 
shape are recorded but no molecule contains any lone pair. Now remember, whether lone pair is present or 
absent—hybridisation can be predicted from the steric number of the central atom. 


Examples 


180° BeCl;, С;Н;, СО; 


120° BF;, ВСІ», C2H4 


90°, 120°, 180° | PFs, Fe(CO}s, PCl; 


90°, 180° SFe, Cr(CO)s, SeFs 


Pentagonol bipyramidal 72°, 90°, 180° IF, ReF7 


Octahedral 


6.10. Variable covalency. 


The covalency of those elements having s and p ubitals in the outermost shell is normally 
fixed. The covalency is measured by the number of unpaired electrons present in the aye ye 
(i) The covalency of H is always 1 because it contains only one electron. ( it) pee епсу о 
oxygen is 2 since it contains two unpaired electrons n its valence shell, its e cam 
configuration is 1s? 2s? 2р2 2p} р (iii) Similarly since nitrogen contains 3 unpaired electrons, 
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(N = Is? 252 2p! 2р! 2p!) itsanaximum covalency is 3. All these elements contain only s and 
p orbitals— none of them contains d orbital. But it is found that those elements having vacant 


dorbital e.g., Р, Cl, S etc., display variable valency. The following table illustrates the variable 
covalency of some elements. 


Halogens 


(except fluorine) 


The cause of variable covalency is due to the increase of number of unpaired electrons in 
the excited state of an atom as illustrated by the following examples : 


(1) Variable valency of Si (4, 6) : 
The electronic structure of silicon in the ground state 
nem POET ICT) 
3s? 3p. Зр, 3p, 
The electronic structure of Si in the excited state 


sis 1222 DEED COT 
3s 3p, 3p, 3p, 
Si atom uses these 4 unpaired electrons to. form 4 узе. bonds to form SiF,. 


SiF, = 1s? 2s? 2p* IBA ite] TTT) 
3s 3p 


Now if donor atoms can donate two lone pair of er as [51Е%]7 7, then two 3d orbitals 


of Si accept these pairs and octet is expanded to form [SiF,]-~. The electronic configuration of 
[SiF,] is shown below : 


LL 
[SIF] = 15^ 2s? 2p* DAAA zaa 
3s 3p =3d 


(2) The variable valency of S (2, 4 and 6) : 


(i) -Bivalency of S : The ground state electronic configuration of S accounts for its 
bivalency as it contains two unpaired electrons in 3p in its ground state. 


S = 152 2s? 2p* menm Co 


3s 3p. Зр, 3p. 
two unpaired NT. 
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(ii) Tetra-valency of S : On excitation, one of the electrons from 3p, orbital of Satom is 
migrated to vacant 3d orbital. As a result, there are now 4 unpaired electrons in S atom. Under 
this condition S exhibits er 


S = 1s? 2s? 2p i IF оар T1 EN Ya 


p. 3p, 3 
hon Ne A 
4 unpaired electrons, hence valency = 4 


(iii) Hexa-covalency of S : In this case one more electron from the filled 3s orbital is 
transferred to 3d orbital. There are now 6 d. jin electrons іп S atom. Hence $ is now hexa- 


covalent. 
= Is? 28? 2p* 5 Grim HIE 


Эр, 3p, 
LEX —— 
6 unpaired electrons, hence valency of 5 = 6 
(3) The variable valency of phosphorous (3 and 5) : 


(i) Trivalency of P : Since there are 3 unpaired electrons in the ground state of phos- 
phorous, the normal valency of P is 3 like me of the first а of this group i.e, nitrogen; 


= 1s? 2s? 2p" un tn Goa KURSE? imc 


3s Зр, 3p, 3p, 
2o — — 
3 unpaired electrons, valency = 3 


(ii) Penta-valency of phosphorous : When one of the electrons from filled 3s orbital is 
transferred to 3d orbital, five unpaired electrons are there accounting for penta-covalency of 


phosphorous. ' 3: 3d 
Р=13222р* [1] HETE vi hd us рт reas 
* 


3p, 3p, 3p, 
five unpaired electrons, valency = 5 
(4) The variable valency of chlorine (1, 3, 5 and 7) : 
(i) Monovalency of chlorine : Since only one unpaired electron is present in the ground 
state electronic configuration of chlorine atom, it is normally monovalent. 
3s 3p 3d 
S= Is? 2s? 2p* E Lade «db d 
Эр. . Зр, Эр, 
‹ й 1 unpaired electron 
(i) Trivalency of chlorine : In trivalent state, оле of the paired electrons from either 
3p, or 3p, orbital is promoted to vacant 3d orbital indicating the presence of 3 unpaired 
electrons : 


3s 3p 3d 
Cl» Is? 25? 2p* Шз ШЫ А ый 
Pe Py Pe 
rs 
3 unpaired electrons, valency = 3. 
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(N = Is? 2s? 2p! 2p! 2p!) itsanaximum covalency is 3. All these elements contain only s and 
p orbitals— none of them contains d orbital. But it is found that those elements having vacant 
dorbital e.g., P, Cl, S etc., display variable valency. The following table illustrates the variable 
covalency of some elements. 


Phosphorus 


Sulphur 


Halogens 


(except fluorine) j 


Silicon 


The cause of variable covalency is due to the increase of number of unpaired electrons in 
the excited state of an atom as illustrated by the following examples : 
(1) Variable valency of Si (4, 6) : 
The electronic structure of silicon in the ground state 
-ig28255 FORT JL TL LE T ] 
3:2 Зр, Зр, Зр. за 
The electronic structure of Si in the excited state 
Si = 1s? 2s? 2pf oe 1 
3s 3p, 3p, 3p. 3d 
Si atom uses these 4 unpaired electrons to form 4 covalent bonds to form SiF;. 


Р РЕ Т 
SiF, = 1s? 2s? 2p (os کے‎ сыкы) 
3s 3p 3d 
Now if donor atoms can donate two lone pair of electrons as [SiF.]-~, then two 3d orbitals 
of Si accept these pairs and octet is expanded to form [51Е,]--. The electronic configuration of 
[SiF;] is shown below : can a КРӨ 


F 
[SIF] 7 = 15 2s? 2p* 
3s 3p 


(2) The variable valency of S (2, 4 and 6) : 


(i) -Bivalency of S : The ground state electronic configuration of S accounts for its 
bivalency as it contains two unpaired electrons in 3p in its ground state. 


улсын] LT TTE 


3s 3p. Зр, Зр. 3d 
two unpaired electrons 
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(ii) Tetra-valency of S : On excitation, one of the electrons from 3p, orbital of S-atom is 
migrated to vacant 3d orbital. As a result, there are now 4 unpaired electrons in S atom. Under 
this condition S exhibits tetra-valency. 


3s 3p 3d 
S = 152 252 2p* EE ENE 
3p. 3p, 3p. 
Se 
4 unpaired electrons, hence valency = 4 


(iii) Hexa-covalency of S : In this case one more electron from the filled 3s orbital is 
transferred to 3d orbital. There are now 6 unpaired electrons in S atom. Hence S is now hexa- 
covalent. 


3s 3p 3d 
S = Is? 2s? 2p* pete us] Es E] 
Ра Py oes 


Se 
6 unpaired electrons, hence valency of S= 6 
(3) The variable valency of phosphorous (3 and 5) : 


(i) Trivalency of P : Since there are 3 unpaired electrons in the ground state of phos- 
phorous, the normal valency of P is 3 like that of the first members of this group i.e., nitrogen: 


3p 3d 
P = 152 252 2p AL 
3s Зр, Зр, Зр: 
2 —— 
3 unpaired electrons, valency = 3 
(ii) Penta-valency of phosphorous : When one of the electrons from filled 3s orbital is 


transferred to 3d orbital, five unpaired electrons are there accounting for penta-covalency of 
phosphorous. 


3s 3p 3d 
Р = 152 252 2p* (rd еН ва ied 
3p, 3p, 3p. 
: five unpaired electrons, valency = 5 
(4) The variable valency of chlorine (1, 3, 5 and 7) : 


(i) Monovalency of chlorine : Since only one unpaired electron is present in the ground 
state electronic configuration of chlorine atom, it is normally monovalent. 


3s 3р 3d 
S = 182 2s? 2p Ls ЕВ. ] 
3p. 3p, 3p. 
1 unpaired electron 
(ii) Trivalency of chlorine * In trivalent state, one of the paired electrons from either 


3p, or 3p, orbital is promoted to vacant 3d orbital indicating the presence of 3 unpaired 
electrons : 


3s 3p 3d 
Cl'= 15225? 2p peperere 
Px Py ‘Ps 
—— 
3 unpaired electrons, valency = 3 
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(ii) Penta-valency of chlorine : In the pentavalent state, one of the electrons of the filled 
3p, orbital is promoted to other vacant 3d orbital thus showing 5 unpaired electrons. 


А 3s 3p 3d 
Cl = 15? 2s? 2p [tier T. ] 


P. Py Р: 
p eir peer Выс 
5 unpaired electrons, valency = 5 


(iv) Hepta-valency of chlorine : In the hepta-valent state (rare occurrence) the filled orbital 
3s now gets unpaired and one of the two electrons from 3s orbital is promoted to any of the 
three remaining vacant 3d orbitals. 


3s 3p 3d 
Cl = 1s? 252 2р EE ТГ 


Px ру Pe 


7 unpaired electrons, valency = 7 


Thus it may be concluded that, if an atom contains vacant 3d orbital, its covalency can be 
increased but those atoms which lack of this, do not show this behaviour. Thus, nitrogen with 
electronic configuration 1s? 2s 2p 2p} 2p! shares its three 2p electrons to form trivalent state 
but can not show pentavalency because there is no vacant 3d orbital to accommodate one of the 
unpaired 2s electrons, but phosphorus can show pentavalency because of the availability of 3d 
orbital as shown earlier. à 


6.11. Conditions for the formation of covalent bond. 
The formation and stability of a covalent bond depends upon the following factors : 


(1) Number of valence electrons : Except hydrogen, the outer valence electron orbit of an 
atom forming covalent bond must contain 5, 6 or 7 electrons so that each of them can form 3, 
2 or | electron pairs with 3, 2 or 1 electrons of other atoms. Normally, elements of group VA, 
VIA and VIIA elements contain 5, 6 and 7 electrons respectively in their outermost shells and 
they are best candidates in the formation of covalent bond. 


(2) Іопіѕаііоп potential : Atoms with high ionisation potentials can not normally form 
cations by giving up electron(s). Hence these atoms never form ionic bond when they combine 
among themselves. The only alternative way is to form electron pair bond or covalent bond. 
This explains why both halogen and chalcogen having comparatively high ionisation potential 
form covalent bond among themselves, e.g., Cla, S2, Br», Р, О; etc. 

(3) Electron affinity : In order to form a stable covalent bond by two atoms, their electron 
affinity value must be very close. Atoms with wide difference of electron affinity prefer to form 
ionic bond. 


(4) Electro-negativity : We know as the difference ofelectro-negativity values between two 
atoms in a heteronuclear diatomic molecule increases, the bond becomes more polar. If the 
difference of electro-negativity between the two atoms decreases, transfer of electrons from one 
atom to the other does not take place. The resultant bond becomes covalent. Hence atoms 
forming covalent link must be close in their electro-negativity values. 


(5) Nuclear charge : In a covalent bond there is a very high probability of finding the 
electron cloud in between the two atoms. As a result the potential energy becomes minimum, 
the two nuclei develop greatest attraction. This attraction depends upon nuclear charge and 
nuclear distanee. Hence as the nuclear charge increases and nuclear distance decreases, the 


chance of covalent link between two atoms becomes greater. 
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6.12. Properties and characteristics of covalent compounds. 


(1) Physical state : Covalent compounds contain discrete molecules held together by weak 
attractive force. As a result, generally they are gases or liquids at room temperature. They are 
only solids if their molecular weights are high. Thus at normal temperature and pressure 
chlorine (mol. wt. 71) is а gas, Bromine (mol. wt. 160) is a liquid while iodine (mol. wt. 254) 
is a solid. : 

(2) Crystal structure : Covalent crystal lattices аге built up of isolated discrete molecules 
which are held by Vander Waal's forces. These forces are much weaker than electrostatic forces 
found in ionic crystals. Examples include sulphur, iodine, РО; etc. 

(3) Electrical conductivity : Covalent compounds are either giant molecules or consist of 
simple molecular units. No free electrons or ions are present in such compounds. Hence they 
do not conduct electricity. However, presence of free electrons in graphite makes it a good 
coriductor as the electrons can move between the crystal layers. Again gaseous anhydrous НСІ 
is a non conductor of electricity but when dissolved in water it produces ions which carry 
electricity and hence aqueous solution of НСІ becomes a good conductor of electricity. 

НСІ + HO = H30* + СГ 

(4) Melting and boiling points : Melting point of a solid and boiling point of a liquid is 
defined as the temperature when all the intermolecular forces of attraction are being over come. 
It is logical to conclude that, stronger the inter molecular forces of attraction, higher is the 
melting point of the solid or boiling point of the liquid. Covalent molecules are held, by either 
hydrogen bonding or Vander Waal's forces. Both of these two forces are weaker than 
electrostatic force of attraction found in ionic crystals. Therefore, as a general rule, covalent 
compounds have lower melting points and boiling points. Thus SiCl,, a typical covalent 
molecule boils at 58°C while NaCl boils at 1440°C. Iodine, a typical covalent crystal is a low 
melting solid which sublimes easily. . ; 

(5) Solubility : Covalent molecules do not contain ions. Hence ion-dipole interaction 
between a covalent compound and polar solvent does not occur. Hence covalent compounds 
are insoluble in polar solvents, 

We know “like dissolves like”. Since the forces of attraction between covalent molecules and non polar solvents 
are same i.e. Vander Waals force, it is quite probable that identical intermolecular forces will be able to bind 
covalent solute to covalent solvent. Hence non polar solvents dissolve non polar solute. Covalent molecules having 
giant molecules (SiOz, diamond) are practically insoluble in all solvents due to their exceptional giant structures. 
Some non polar compounds like alcohol, sugar, acids and amines dissolve in polar solvents like water due to the 
formation of inter molecular hydrogen bond. 

(6) Isomerism : Covalent bonds are strong and have directional characteristics. Hence the 
atoms in the covalent molecules may have different spatial orientations. As a result, one 
covalent molecule having a specific molecular formula may represent different arrangements 
of atoms having different properties. Hence they can exhibit both structural and stereo- 
isomerism. 

(7) Stability : Covalent bonds (с bonds) are strong and exceptionally stable, their bond 
energies are very high. This imparts exceptional stability to covalent compounds. 

(8) Reaction rates : The covalent compound does not ionise in solution and undergoes 
reaction in the molecular state which involves breaking of old bonds and formation of new 
bonds (Sw, and Sw; reaction) while reaction of ionic compounds involves regrouping of ions. 
As such the rate of reaction of a covalent compound is very slow and its rate of reaction can be 
measured. The rate of reaction of an ionic compound is very fast. 

(9) Directional'bond : Since all the atomic orbitals (except s orbital) and hybrid orbitals 
have directional characteristics, the covalent bonds, unlike ionic bonds, have directional 
properties. As such all covalent molecules have three dimensional geometric structures. 


CH-II/16 
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(1) Physical state Atnormal temperature they are crystalline 


uy 
id and can never be gas or liquid. 


(2) Hardness and | (2) Since the cations and anions are hel. 
brittleness strong electrostatic force, ionic compou 
are hord and brittle. 


Vander Waals 


(3) In the crystalline state oppositely cho: (3) Two of crystal structures are 
ions are held in fixed positions кш ©зше. (Топа are bonded by c 
coulombic force of attraction. As such these bonds to form giant molecule, e.g., 
compounds consist of 3 dimensional | diamond, (ii) forming separate layers 
geometrical arrangement. e.g., graphite. 3 
4 lonic compounds ionise in solution and | (4) In solution covalent compounds react 

ce the rate of reaction is very fast. in the form of molecules and hence the 
rate of reaction is very slow. 


(5) Except Si and diamond, the m.p. of 
covolent compounds ore low. This is 
because of the fact that the lattice energy 


e e.g., 5,1. 


(3) Crystal structure 


(4) Reaction Me- 
chanism 


(5) Melting point | (5) In the solid state, the cations and anions 
and boiling point | are held together by strong electrostatic force 
of attraction. Hence all the molecules are 
polar and the force of attraction among the | of covalentcrystals is weak as the discrete 
molecules is very high. Their lattice energy is molecules are held together by weak 
also high. As a result high energy is required | Vander Waals force of attraction. 

to overcome these static force 
attraction and lattice . Hence ће т.р 
and b.p of ionic parce fa are very high. 


6) Solubili (6) lonic compounds are soluble in polar 
senor at логі compounds re seule in pets 
solvents like benzene. 


(6) Covalent compounds are soluble in 
non polar solvents but insoluble in polar 
solvents. The solubility of some covalent 
compounds like sugar, glucose etc. in 
water is due to the formation of inter 
molecular H-bond between the covalent 
solutes ond water. 


(7) Nature of bon- | (7) lonic bonding arises due to the com (7) Covalent bond arises due to the 
ding transfer of electrons from metallic atom of low | sharing of electron pairs or by the coaxial 
; ionisation potential to non-metallic atom with | or lateral overlap of the atomic or hybrid 


abitals. The bond is very strong and has 
particular directional characteristics. 


somerism is never observed among ionic | (8) Isomerism is a common 
among cova 


phenomenon 


(9) Covalent compounds do not conduct 
electricity in the fused state or in solution 
as there is no free electron or ion to 
conduct the current, graphite being ап 


h in the solid state the conductivity 
of ionic solid is low, in the fused state or in 
solution they are good conductor of electricity 

i st 


(9) Coriductivity 


ond as such attracted towards the electrodes 
and act as carrier of electricity. 


6.13. Ion-deformation or Ion polarisation— Fajan’s rule. 

No covalent bond is'known which is 100% covalent. Even Н; molecule which is thought 
to be an ideal covalent, still contains 4% ionic character. Similarly no ideal ionic bond is 
known. All bonds contains both ionic and covalent characters. As the difference of electro- 
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negativities between the two atoms increases in a hetero-nuclear diatomic molecule A—B, the 
bond becomes miore ionic. Thus L. Pauling investigated the development of ionic character in 
а covalent bond. Similarly transition from electrovalency to covalency was probed by K, 
Fajan and was able to prove that ideal (10096) ionic bond is a misnomer concept. All ionic 
bonds e.g., CsF, NaCl, NaF etc., mustcontain some amount of covalent character. But one thing 
must be remembered that while Pauling's idea was quantitative, Fajan's investigation was 
purely qualitative, nevertheless results are striking. 

Fajan developed his idea of passage from electro-valency to covalency from the concept of 
ion-deformation or ion-polarisation which is explained as follows— 


Ideal ionic bond Polarised bond Ideal covalent bond 
(i) (ii) » (iii) 
Fig. 6.26 : 

(a) In structure (1), the electron-clouds are attracted equally by the respective nuclei, the 
cation and anion just touches each other. This is an ideal situation for the ionic bond. 

(b) Since the size of the cation is much less than that of the anion, the nucleus of the cation 
attracts the electron-cloud of the anion in addition to its own electron-cloud. As a result some 
of the electron-cloud of the anion will penetrate the electron-cloud system of the cation. The 
result is the deformation or distortion or polarisation of the anion. (structure II). 

(c) An ideal covalent structure (III) is one where the electron-cloud is attracted equally by 
the two nuclei. 

The deformation of the electron-cloud of the anion by the cation is normally called ion ` 
deformation or ion polarisation. The cation will be similarly polarised by the anion but the 
effectis negligible and less pronounced because of the smaller size of the cation. The net effect 
of this ion polarisation is the increase of electron density in between the two nuclei, leading to 
an increase in covalent character. Thus as the extent of polarisation in an ionic bond increases 
there would be a progressive increase of covalent character in the bond, i.e. ion deformation 
or ion polarisation is a function of the increase of covalency. In other words, as the polarisation 
increases, the bond becomes more covalent. This ion deformation depends upon both the 
polarisation power of the cation and the polarisability of the anion. Both of these.two are 
favoured by a number of factors. These are summarised in a series of generalisations commonly 
known as Fajan's rule. Thus, 


(A) Increased covalency is favoured by— 

(1) Large charge upon both the cation and the anion : High charge on the cation causes 
larger attraction on the electron-cloud of the anion. On the other hand, highly charged anion 
is easily polarised by a cation. These two factors cause increased polarisation between the 
cation and the anion, as a result of which the degree of covalency is increased. This can be 
demonstrated by the melting points of NaCl, CaCl, and AICI; which are. 800°C, 772°C and 
575°C respectively. Thus the polarisation power of AP* is maximum and that of Na’ is 
minimum on the electron-cloud of Cl. Hence NaCl is most ionic while AICI; is most covalent 
of the three. 

(2) Small cation : Because of its greater concentration of positive charge, a small cation 
can approach an anion more closely than a larger cation and is able to cause larger 
polarisation on the anion, resulting in the increase in covalent character. This is shown by the 
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following table which indicates that as we go down in the group with the rise of atomic number, 
the radii increases, polarisation power of the cation on the anion-cloud decreases, resulting in 
the decreased covalent character as recorded by the m.p. of the anhydrous chlorides. 


m.p. of anhydrous chloride 


405°С 


(3) Large anion : Large anions are more easily polarised than the small anions, because 
outer electron-cloud of a large anion is less attracted by the nucleus of the anion. As a result, 
a cation can easily polarise the outer electron-cloud of a large anion. In other words the 
polarisability of a large anion is more than that of a small anion. As a result, the covalency 
of a bond having a large anion is increased. This is reflected in the melting point data of 
calcium halide. 


(4) Cation with 18 electron configuration : Even if the charge and size of the cations 
remain constant, the cation with pseudo noble gas i.e., 18 electron configuration will cause 
larger polarisation on the electron-cloud of anion than a cation with noble gas i.e., 8 electron 
configuration. This is attributed to the poor shielding effect of the inner d electrons present in 
pseudo noble gas cations. As a result, an appreciable increase in electron charge-cloud density 
between the two nuclei takes place leading to the increase in covalent character of the bond. 
This is proved by the decreased melting points of anhydrous chlorides-of Cu*, Ag* and Au* 


with respect to Na*, K* and КЬ". 
Melting point (^C) 
800 


Outer electronic > At radius (А) 
configuration 
6 


2s? 2р 0:95 

3s? 3p* -€— d 776 
configuration 

As? 4р5 

3s? 3p* 301° 


452 Ap 400 { 18 electrons 
5s? 5р 501 configuration 


Fajan's rules : (i) High positive charge on the cation, high negative charge on the anion, 
small cation, large anion and cation with 18 electrons in the valency shell will favour the 
formation of covalent compound. А ; 

(ii) On the other hand, low positive charge on the cation, low negative charge on the 
anion, large cation, small anion and cation with 8 electrons in the valency shell will favour 
the formation of ionic bond. 

Although entirely qualitative, Fajan’s rule may be regarded asarough guide in predicting 
the type of compound— ionic or covalent. 
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е Fajan's rule can be indicated in the tabular form. 


(1) Low posilive charge on the calion. 
(2) Low negative charge on the anion. 
(3) Large cation. 

(4) Small anion. 

(5) Cations with 8 electrons or noble gas 
electronic configurations. 


(1) High positive charge on the cation. 
(2) High negative charge on the anion. '/ 
(3) Small cation. 
(4) Lorge anion. 
(5) Cations with 18 electron or pseudo 
noble gas electronic configurations. 


à lonic pA : The T power of a о] is а function e" increasing charge of cation and 
lecreasing its radius. According to С. Н. Co polarising power of a cation is given by ionic potential 
(ф) which is defined as the ratio of the charge to the radius of the cation. 
Е ial Charge of the cation 
j 7.9 = "Radius of the cation 
Thus, ionic potential increases with the charge of the cation but decreases with the increase of radius ofthe 
cation. Large ionic potentials are associated with strong polarising effects i.e., increased covalency. 
Applications : (1) Diagonal relationship in periodic table is attributed to close ionic potential value leading 
to similar properties of the two elements : ч 
mals PE gets 
Фм, = 3°08 Paver = 60 Qs = 10'4 Я : 
(2) Carbonates, nitrates of metals having high ionic potential are thermally unstable and readily decomposd 
an heating. A cation with high Hag золата draws the electron cloud of the neighbouring oxygen atom of the 
carbonate or nitrate ions so that the following O- C and O-N bonds become highly strained and get 
decomposed on healing forming oxide with the release of СО; and NO; respectively. 


ua i о 
мо < CE > NO CO 


This explains why salts like ferric carbonate, aluminium carbonate do not exist. Liz CO; is the only carbonate 
of group ІА metal which on heating decomposes to oxide and CO». Again, while Pb(NOs)2 gives rise to brown 
МО; on heating NaNO; does not. 


One JM Еу. uo, 
SANT е Pb J^ NS o t 0 aig 
о њо + 0 
Nato м > NoNO, + 402 o 
mss is much higher than wos. In the secapd case co-ordinate bond is weakest bond and hence decomposed. 
(3) Larger the numerical magnitude of i&nic potential of a cation, higher is its tendency to form solvo cation 
or aquo cation i.e., higher is the stability of ће aquo complex. In other words, solvation or hydration energy 
increases with the increasing value of ionic potential. 


[ Cation lonic radius (А) Extent of hydration 
Es 1:69 
Rb* 148 May not be hydrated 
K* 1:33 
Na* 0:95 Loosely hydrated 
Batt 135 (very low hydration energy) 
h* 0°60 
Sre 113 Hydrated easily 
Се 0`99 (low hydration energy] 
[Mg 065 
Al 050 Strongly: hydrated 
Be** 031 (Large hydration energy) 
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(4) It is emperically observed that Уф < 22, the anhydrous halides will be ionic and conduct electricity in 
the fused state while, if vo > 2°2 they will be covalent and non conductor. 


(5) The higher the value of lonic potential ofthe cation, the higher is its tendency to form covalent compound, 
and the lower is its melting point, as recorded from the following table. 

The'table shows that as we go down in a group, the degree of electro-valency increases. Thus BeCl, is most 
covalent and RaCl, is most ionic. 


lonic. potential 


6.14. Deviation from octet rule in covalent bonding. 

The atoms in a covalent molecule normally contain 8 electrons in the outermost shell i.e., 
they attain ns*np* electronic configuration. This is referred to as octet rule. In the formation 
of stable diatomic hydrogen molecule, each hydrogen atom attains 1s? configuration. However, 
there are a number of covalent compounds where the atoms contain either less than 8 electrons 
or more than 8 electrons in their outermost shell. This is a clear deviation from octet rule. This 
deviation is achieved in two different ways. . 

1. Incomplete electron octet : This is observed in BeCl;, BF;, NO etc., molecules. They 
are all electron deficient molecules. 

(i) BeCl, : In this molecule, Be atom has only 4 electrons in its outermost shell instead of 
8. Two electrons are contributed by the two chlorine atoms and the other two belong to Be atom. 


741-8 2+2=4 


201: Be Cl: or С —Be— 
eo 


(ii) Boron trifluoride (BFs) : There are 3 electrons in the outermost shell of B-atom. During 
the formation of BF; molecule, B-atom contributes its 3 electrons to form 3 pairs of electrons 
with 3 electrons which come from 3 atoms of fluorine. Thus in BF; molecule, B atom has only 
6 electrons in its outermost shell instead of 8 electrons. The same is observed in BCI, molecule. 
All of these molecules are electron deficient species. 


3+3=6 


(iii) Nitric-oxide (NO) : Nitrogen atom in this molecule contains 7 electrons— its own five 
and2 electrons from 2 oxygen atoms to form 2 electron pairs. 


54227 = 
2. Expansion of octet : Expansion of octet are observed in those molecules where the 
central atom contains vacant d orbitals. This is observed іп SFe, PCls, ІСІ», IFs, IF; etc., 
molecules. à 


oè 
o °М= 0: 
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(i) Sulphur hexa fluoride (SF) : It is a covalent compound— опе atom of S is covalently 
linked with 6 atoms of fluorine by forming 6 election pairs. By this process, though each of 
the 6F atoms is able to form octet, $ atom contains 12 electrons instead of 8 electrons in its valence 
shell. Here octet is being expanded due to the presence of vacant 3d orbital in S atom. : 


(ii) PCI, : In this molecule, the central P atom contains 10 electrons in its outermost 
shell,— its five outermost electrons and five electrons from five chlorine atoms. 


(iii) ICI, : In this molecule the central iodine atom contains 10 electrons in the valency 
shell — its own 7 electrons plus 3 electrons from 3 Cl atoms. 


1+1=8 7+3=10 


(iv) -IF; : In this molecule iodine atom contains 14 electrons in its valency shell. Iodine 
atom has 7 valency electrons and each fluorine atom supplies 1 electron. Hence 747214 
valency electrons are present in iodine atom. 


e Explanation for the deviation from the octet rule : 

Three attempts have been made to explain the deviation of an atom from obeying octet rule. 
These are— J 

(1) Sugden's concept of singlet linkage : Sugden's singlet link is a special type of bond 
which is estáblished by sharing of only one electron supplied by the central atom to the 


adjoining atom. The singlet linkage is represented by half arrow (=) from the donor atom to: 
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the acceptor. [This is in contrast to a co-ordinate bond where a pair of electron from donor atom 
to the acceptor is represented by (4) full arrow]. Е 
(a) Thus in SFe, the central atom S utilises 4 out of its 6 valency electrons to form four 
singlet links and the other two electrons form normal covalent bonds with two electrons of 
2 fluorine atoms. This is depicted below. 


(b) The singlet linkage in PCI; is shown similarly where P atom forms two singlet links 
and 3 normal covalent bonds. : 


Canta) s % p 
&) еди Сй 


Thus in the formation of SF, and PCI; the octet is not expanded because total number of 
electrons around S or P atom is 8. 
Remember that, the total number of singlet bond = (Total number of bonds) – (Number of 
covant bonds). In SF; it is 6 — 2 = 4 and in PCI; it is 5 — 3 =2 and so on. 
(2) Concept of maximum covalency of Sidgwick : According to Sidgwick, the 
maximum covalency of an element, i.e., maximum number of covalent bond formed by an 
element is not necessarily be 4. Those elements which have vacant d orbital may have higher 
maximum covalency. Again it may be less than 4 also. According to Sidgwick's covalency 
rule "The maximum covalency of any element is governed by its position in the period in the 
periodic table, being 2 for hydrogen, 4 for the elements of the second period, 6 for those оў the 
third and fourth period and 8 for all the rest”. 
The following table shows the maximum covalency and maximum number of electrons an 
atom can hold in their valency shell : 


Maximum number of electrons 
the element can hold. 


2х2=4 
2х4=8 


2х6= 12 
2x6212 
2x8=16 
2x8=16 
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Although boron and nitrogen atoms exhibit a covalency of 3, they have a tendency to pass 
into tetra covalency which is their maximum covalency {BF,]7, [NH4]*. Again P, Sb and As can 
exhibit covalency of 5 (e.g., PCls, SbCls, AsCls), which 
may increase to 6 i.e., [PCI], [SbCl] as the maximum 
covalency of P, As, Sb is 6. Since the maximum covalency 


\ 
V 
| 
x 
3 
| 


of P, S is 6 they can hold 6 x 2 = 12 electrons in their ! —— aa 
valency shell i.e., their octet can be expanded. (note both ha A y 
P and S contain vacant 3d orbitals). Laas ® A 


Covalency 7 is observed in TeF; (Period 5), IF, 
(Period 5) and ReF; (Period 6). The structure of IF; is 
shown here. 


ө Explain why SiCl, is easily hydrolysed but ССІ, does not hydrolyse. 

The maximum covalency of Si is 6 and that of C is 4. In CCl, the maximum covalency of C is already attained. 
Hence it is inert towards the attack by nucleophile like HO. On the other hand, the maximum covalency is yet 
to be atiained by silicon atom. Silicon contains vacant low lying 3d orbitals. Hence by using these vacant 3d 
orbitals, it forms five coordinate intermediates. The reaction occurs by SN; mechanism. The lone pair of elecirons 


Pentagonal bipyramidal 


d Кем ын 
a T 
Si 7 s. :0 н, 1 
e edd ste Csi На ; М 
а | d Tega e de ce es 
а 


from НО molecule is donated to one of the vacantsp?d hybrid orbital of Si. Due to the absence of dorbitals, such 
five co-ordinate intermediates can not be formed by carbon. 


OH und ССІ, is not hydrolysed. The reaction mechanism is shown 
above. 
| This process is repeated with the simultaneous addition of 3 
ر‎ more H:O molecules and elimination of 3 HCI molecules till the 
но | “он final product becomes $(ОН),. 
OH The overall reaction is SiCl, + AHO. = Si(OH), + AHCI 
Ortho silicic 
acid 


The arrangement of electrons in Si and the intermediate T.B.P. structure are shown below— 


3s 3p 3d 
The electronic configuration of silicon in sp? hybridesed state is— 


Si = te 292p CL] 


3s 3p. 3p, Зр. 3d 


Four electrons being gained by Si in SiCls. 


а ааа 
— BENE 
3s Зр, 3p, 3p. 3d 


s 
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Silicon in spd state; the electronic configuration is— 3d 


= 18222 [1] CCCL] FEES 


3s Зр, Зр, Зр. За 
— ye 


зра 
A pair of electrons of HO is donated to vacant sp?d orbital of Si, ће other four spd orbitals are used in 
hie. four covalent bonds with four chlorine atoms. 
а d < а њо 


за 
= 1222 5% [te] f reer | 


3s 3p. = “4 3d 
ышаны шш 
я?а 


(3) Concept of overlapping of atomic orbital : Expansion of octet of an element may also 
be explained by the use of overlapping using vacant 3d orbital. Each orbital can accommodate 
two electrons, Thus, in SFe, two 3d orbitals and in PCI; one 3d orbital is used up. The electronic 
configuration of P is shown below. 


paw [i] EET CTTTTI 


Js a dp. а H 
One of the 3s electrons is promoted to vacant 3d orbital 07 5 unpaired electrons, 
which on being paired, P atom contains 10 electrons in its valence shell. Thus it is the vacant 
3d orbital in Patom which is actually responsible for the failure of P atom to obey the octet rule. 


P.= 122s255. [1] [Т кансы 


35 3p, =, ^ 
Same argument may be applied to S-atom in the formation of SF, molecule. 
6.15. Co-ordinate covalency and Co-ordinate bond. 

In anormal covalent bonding, one elecron is contributed to each electron pair bond by each 
bonded atom. As a result, each bonded atom utilises this electron pair to attain noble gas 
configuration (octet). In terms of orbital overlap, the overlapping must contain a pair of 
electrons with opposite spins, each participating orbital must contain one electron. 

According to N.V. Sidgwick, sometimes this pair of electrons instead of being supplied by 
each atom, is contributed by one of the bonded atoms. Although only one atom supplies this 
pair of electrons, yet both the atoms uitlise this pair equally. This pair of electrons acts as a 
covalent bond. The bond thus formed by sharing of a pair of electrons supplied by one of the 

. bonded atoms is called co-ordinate covalent bond or dative covalent bond. In fact co-ordinate 
covalent bond is a special type of covalent bond. 

Thus, a bond formed by the sharing of one pair of electrons contributed by one of 
the bonded atoms, is called a кошип bond or dative covalent bond or simply dative 
bond. 

The species which supplies the pair of electrons ( called lone pair of electrons or unshared 
pair of electrons) is called donor while the species which accepts the lone pair of electrons is 
called acceptor. 

Normally it is represented by the sign arrow (—) pointing from donor to acceptor. The 
donor must have one or more lone pair of electrons while the acceptor must be electron deficient 
species (short of octet). 
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Since a species having lone pair of electrons is a Lewis base and the species which accepts 
the lone pair of electrons is a Lewis acid, formation of a co-ordinate bond amounts to acid-base 
reaction or neutralisation. 

In terms of overlap of orbitals, a co-ordinate bond formation may be regarded as 
an overlap between a filled orbital (donor) and a vacant orbital (acceptor). The overlapping 
region also contains a pairof electrons butunlike normal covalent bonding, here it iscontributed 
by one of the bonded atoms. If the overlap is collinear or co-axial, it is called dative o bond 
and similarly if the overlap between filled orbital and vacant orbital takes place side wise or 
laterally it is called dative ıt bond. Both are, however, co-ordinate bonds. : 

© Conditions for the formation of co-ordinate bond: 

The following conditions are necessary for the formation of a co-ordinate bond. 

(i) One of the two atoms forming co-ordinate bond must contain at least one lone pair 
or unshared pair of electrons i.e., one of the atoms must have at least one available filled 
orbital. * ‚ 

(ii) The other atom must be electron deficient i.e., it must have at least one vacant orbital 
to accept this pair or electrons. d 

(iii) In co-ordinate bond, neither complete transfer nor complete acceptance of electrons 
takes place. The donor never completely transfers this pair of electrons to the acceptor, a partial 
transfer of electron pair occurs and the pair of electron is equally shared by both the donor 
and acceptor atoms. 

e Mechanism of formation of co-ordinate bond : 

The formation of a co-ordinate bond between two atoms Aand B leading to the formations 
of A — B takes place in two discrete steps. 


(i) Inthe first step the donor A supplies one of the electrons from its lone pair to the acceptor 
B. As a result, A atom gets one positive charge and B atom becomes uni-negative. 
m òo : 
чм: 1 ي‎ + Bi 
Доло оо . m 
( ! (acceptor) 
Lone pair 
of electrons { 
(ii) In the next step, the accepted electron from B- and the residual electron of the lone 
pair from A* now forms covalent bond between A and B. " 


УЕ КЗ: ASB o Ав 
oo 


Thus the electron pair which belongs exclusively to A before the bonding, now covalently 
binds the two atoms A and B and form co-ordinate bond. Although the arrow () indicates the 
source of electrons, once а co-ordinate bond is formed between A and B, the bond behaves 
covalently. Hence a co-ordinate bond is a special type of covalent bond. 

The term co-ordinate covalency was given by Sidgwick as it affords an explanation of the 
formation of co-ordination Complex compound of Werners. The norinal and co-ordinate 
covalency is represented as follows : 

Aet Boe As Б ie, A—B 
Normal covalency 4 
в ie, A эВ or А* — B- 
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The co-ordinate bond is not only represented by A. — B but also by А* — B- indicating 
that both the electrons of the bond are contributed by A and as a result of this unequal sharing 


A becomes somewhat positive and B somewhat negative. For this reason the term semi polar 
linkage is often applied to it. 


е Examples of co-ordinate compounds : : 

The formation of co-ordinate linkage is illustrated by thé following examples. 

(i) Formation of ozone molecule : 

In ozone molecule 2 oxygen atoms are double bonded IR О= об and each oxygen atom 
contains two lone pairs of electrons. One of these lone pairs from one oxygen atom is now 
donated to the 3rd oxygen atom having 6.electrons to form one co-ordinate bond. 


or 


2 d vA . K „Маў 


(ii) Formation of SO; and SO; molecules : 


In SO; molecule, S atom forms a double bond with one of the oxygen atoms. One of the two 
lone pairs present in S atom now form co-ordinate bond with the second oxygen atom which 
has only 6 electrons in its valency shell. 


At this stage, S atom still contains one more lone pair which is now donated to another 
oxygen atom to form second co-ordinate bond with O atom and thus SO; molecule is formed. 


Lone pair o 


SEND 
T * S ° ; е хыр 


(iii) Formation of SOZ ion : 


.. 


oe еа $, 2‏ ا 
? :0: 


.. е E .. өө ws 


o 
“| 1 
v. Guests estis e e elo sectis Өч t E LS ha — 
m m d» Pg. е8 .. 
3 :0: 
° о 
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(iv) Formation of H,SO, molecule : 


(vi) Formation of hydroxonium ion [HOP : 
When an acid is dissolved in water, hydroxonium ions [H50]* are formed. 
H,O + Ht — [H3O]* 
In water molecule, there are 2 electron pairs which are used in the formation of bonds 


between one O-atom and 2 Н atoms leaving behind two lone pairs on oxygen atom, one of which 
is contributed to H* ion having vacant Is orbital whichecan accommodate two electrons. 


А + | + 
m 25 A 
н:о + \Ht— |H: 0°H or H—0—-H 
ўа e 
TR H н 
Lone pair Нудгохопішт ion 
of electrons 


It may be noted thathydroxonium ion H30* never combines with one more H* inspite ofthe 
presence of another lone pair on oxygen atom. This is attributed to repulsion between 
H* and [Н;О} and non availability of lone pair for bond formation, because of high nuclear 
charge or high electro-negativity of oxygen atom in (H3O]* ion. 

(vii) Formation of ammonium ion (NHi) : 

In NH; there are 3 electron pairs used in the formation of 3 covalent bonds by the sharing 
of 3 electrons of nitrogen atom and one electron each of hydrogen atom leaving behind 1 lone 


+ + 
н (н) a 
z D | 
HN + Ан CHD * | H—N—H 
u + «X». | 
mae : 
NH, ion 


. pair of electrons on nitrogen atom which is in sp? state. This lone pair is utilised in the 
formation of co-ordinate bond with H* having no electrons in 15 orbital. 
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(vili) NH; — BF, adduct : 
N-atom contains one lone pair of electrons which is donated to BF; molecule. B atom in 
BF; contains six electrons (sextet) in its valency shell. Hence by accepting two electrons from 


H F HR HF 
E ex eo хо 
oN + NBiF —>-HiNiBiF =“ H—N--B—F 
ox eo xo 
H Е H F Hom 
Lone pair of electrons 


N-atom of NH;, itcompletes its octet. Here NH; is the donor of lone pair, while, BF; is acceptor. 
The lone pair is accepted in the unhybridized 2p orbital of B-atom which lies vacant. 


(ix) Structure of H,PO; molecule : 


$0; 
„ЭЖ за 
or H—0— P—0—H 
co | оо 
н 
H,PO, molecule 


(x) ALCI, molecule : 

Aluminium atom contains 3 electrons in its outermost shell. It forms 3 covdent bonds 
with 3 chlorine atoms to form AICI). As a result, Al atom now contains 6 electrons (sextet) 
in its valence shell. It can accept two more electrons to complete its octet. Again Al has 


Lone pair of electrons 


а 
ЧЕР аар. 


Lone pair ol electrons АО, molecule 
vacant 3d orbital. One lone pair of Cl-atom can be donated to each Al atom by co-ordinate 
covalency. Thus two covalently bonded AICI; molecules forms AlCl; by using two co- 
ordinate bonds. 
(хі) Formation of NH,Cl molecule : 4 
In NH; molecule, N-atom completes its octet by forming 3 covalent bonds with 3 H-atoms. 
The Natom however contains one lone pair of electrons. This lone pair is donated to H* ion of 


Lone pair of electrons ^ 
H Ун 
al Tw + сї—=|нїм:н| + CI NHAC! 
ESA : Ammonium 
a H chloride molecule 


HCI through a co-ordinate bond to form NH; ion. CI- is attacted to NH4 by the electrostatic 
force of attraction. Thus in NH,Cl all three types of bonds e.g., ionic, covalent and co-ordinate 
covalent bonds are present. 


NATURE OF CHEMICAL BONDS 255 


(xii) Formation of NH,OH : 


Here the lone pair of N-atom in МН, is donated to Н" of HO, The OH" jon is attached to 
МН by ionic bond. 


н lone pair of electrons н + - 
nd ien + |:0:H|--NH,0H 

H H "1 molecule 
(xiii) Formation of copper (11) hydrate [Cu(H;O)4" : 


Cur + [ss] " P He 


ке || mA 

lone poir 

to be donated to TS er 

осот добі | "79 206 
of Cu ion H H 


(xiv) Formation of [Fe(CN)4*- ion : 
The Lewis structure of CN” is [$C е № J". It contains a lone pair of electrons on carbon 
atom which is donated to the vacant зр’ hybrid orbital of Ве"? 


н t 


6.16. Properties and characteristics of co-ordinate covalent compounds. 

(i) Physical State : Co-ordinate covalent compounds may be solid, liquid or gascous at 
normal temperature. 

(ii) Solubility : They are usually insoluble in polar solvents like water but soluble in organic 
solvents. 

(ili) Semi polar nature : Because of unequal sharing of electrons, co-ordinate bond is 
semi polar A* — B" i.e., they are more polar than normal covalent bond but less polar than 
ionic bond. 

(iv) Melting point and boiling point : Their melting and boiling points are higher than those 
of normal covalent compounds but lower than those of electrovalent compounds. This is due 
to semi-polar character of such bond. 

(v) Volatility : Volatility of co-ordinate compounds is more than those of ionic compounds 
but less than those of covalent ч 

(vi) Isomerism : The co-ordinate bonds are rigid and directional and hence co-ordinate 
compounds exhibit isomerism—both structural and stereo isomerism. Y 

(vii) The co-ordinate compounds do not ionise in water and do not conduct electric 
current. But if an electrovalent compound contains co-ordinately bonded radical, then the 
radical dissociates as ion and then becomes conductor of electricity. " 
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€ Comparative study between covalent and co-ordiante bond. 


(1) Formed by the sharing of two electrons each 
electron is contributed by each atom. 
A-+-B э A:B 
(2) It is formed by the coaxial or sidewise 
ойр of orbitals having one electron 
each. 


Co«Dt(0»5—0—C»c&) 
(3) The bond is represented by A—8. 


(4) Homonuclear diatomic molecule containing 
pure covalent bond is non-polar. 


(5) Covalent bond is formed between atoms. 


46) It is formed between two. atoms each of which 
is short of octet.” 


(1) Formed by the sharing of two electrons but the 
two electrons are contributed by one atom. 


A:+B—A:B 
(2) Itis formed by the overlapping of one filled and 
‘one vacant orbital. 


CD + CoD 
{ 


Cox» 
(3) It is represented by an arrow from donor to 
acceptor. "ONT 
(4) Co-ordinate bond is partially or semi-polar 
А — ЁК 
(5) Itis formed between two atoms, two molecules 
or between an ion and molecule. 


(6) It is formed between a donor of lone pair and 
Tv nei aie re wan 


ө Odd electron bonds— one electron and three-electron-bonds : 

Odd molecules are those which contain odd number of electrons. They are stabilisd by 3-electron- -bonds, as 
proposed by Linus end although 1-electron bond is only found in hydrogen molecule ion Н”. It is found only 
by spectroscopic has the following resonance structures. Н · Н" <> Н’. Н 
"Ao nels e pet Some of the examples of odd molecules and their bondings are 
s 


( NO molecule: ino: 
(i) NO; molecule. Ma cm 

1 iis 
Gi). Superoxide ion [Oi] [:9 5: 9:] 
(iv) СІЮ molecule 


sci ia dear ua TRES Me n cce po S MERE 
3-electron bonds in O; molecule. 


:o eee о; 
All the above odd molecules ог О» molecule are best explained іп terms of molecular orbital theory. 
€ Bond length : 
The internuclear distance between two atoms in a homonuclear diatomic molecule like Hz, Fz, Cla etc. 
where the two atoms are linked by covalent bond, is called the bond length or bond distance. 
Bond length is evaluated by adding the two radii. Thus in a molecule A—8, if ra and rg are the radii of A 
and B respectively, then, nodis dein ту 
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Covalent radius varies slightly from one compound to other, consequently the bond length for a given pair 


of atoms varies also. 
In case of ionic compounds, the sum of the radii of the cation and anion is regarded as bond distance. 
Some covalent bond lengths are tabulated below including the multiple bonds. 


Bond Bond length Bond Bond length 
(A) (A) 


wom o: 
| й 
EE 


t 
X uL 


z Ае е акай ал] 
1 


О с с с С сусу AA 
u 

L] 

= 


Wi 
О0оо2 2200 о 


А study of the bond length reveals ће following— 
li) Double bond and triple bond distances are always less than single bond distance i.e., 
C-C > C#C > СаС 

(ii) As bond order increases i.e., bond multiplicity increases, bond length decreases. 

(iii) Size of the hybrid orbital depends upon the type of hybridisation. The spatial extention of s-orbital : 
around the nucleus is less than that of p orbital, Hence, as the s-character of a hybrid orbital increases, the bond 
length decreases. Thus sp? (Alkane), (С-Н) = 1'09 A, sp? (Alkene) (С-Н) = 17087 A, sp (С-Н) (Alkyne) = 1:057 А 

(iv) Bond length is affected by the polarity of the bond. If the difference of electro-negativity between the wo 
bonded atoms is greater, the bond length is decreased. о 

[v) Bond length is also influenced by resonance. Thus if SOF is represented | 
by the following structure, the bond length of two S — О bonds (single bonds) will $ 
be 1.78À and the bond length of two (5 = О) bonds becomes 1.44А [($ = О) double 22 Хет, 
bond]. But in SO”, all the (S – О) bonds are equivalent and is equal 1.49А. This o o 
supports the resonance structure of SOF ion. 

' @ Bond energy : 

During the formation of a covalent bond, some energy must be released, as the energy of a bonded atom is 
less than that of the isolated atom. Hence energy must be supplied from outside to break the covalent bond. 

Bond energy is defined as the energy reguired to rapture one mole of bonds of one kind їп а compound. In 
other words, bond energy is the energy released when one mole of a compound is formed from its constituent atoms. 

The magnitude of bond energy is а measure of str of a bond. Larger the bond energy, the stronger is 
the bond and the more stable it is. Thus N = М is more stable than О = О bond. Again F = F bond energy, is less 
than СІ = Cl bond energy. As a result, fluorine is more reactive than СЇ. 

Bond energies (К cal mole =!) of some bonds are tabulated below — 


ie oe 
о=осттоо 


С N 
о н 
c N 
H 5 
с с 
© с 
с & 
H N 
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The important points on bond energy are given below : 
(i) Most of the covalent bond energy lies between 50 — 100 К cal mole" 
(ii) Bond energy of ø bond is greater than that of x bond. 
(iii) As bond order increases, bond energy also increases. 
Thus, C - C bond energy < С = C bond energy < С = C bond energy. 
(iv) Larger the size ofthe atoms involved in bond formation, weaker is the bond and smaller is the bond energy. 
This is due to comparatively smaller overlapping of the participating orbitals. 
М Hybrid orbitals form stronger bonds than the unhybridised pure orbitals. 
(vi) As the s character of a hybrid orbital increases, bond distance decreases and bond energy increases as 
shown in the following table : 


(vii) Presence of lone pair of electrons on the bonded atom reduces the bond strength. As the number of 
lone pair on the bonded atom increases, the bond energy decreases. This is evident from following data of 
single bond. 

ғ о”. .. .. ee ee oe ae 
дасе наре Se tae ЛЫ, 
81'6 kcal mole? 39k cal mole" 34k cal mole 37 k cal mole? 


(vill) As we go down in о group of the periodic table, bond length increases due to the increase of 
atomic radii, hence, bond energy decreases. The bond energies of halogens and hydrogen halides are in 
following order. 


Cl-Cl>F-F>Br-Br>I-| and H-F > H-Cl > H-Br > H-I 


@ Arrange the following with reasons in the order of increasing bond energy - №, О; Fz and Cla. 
[I.I.T 88) 

Ans. The arrangement of the molecules in the order of increasing bond energy is F = F < Cl - CI < O = 
О < № №. The bond energy of Nz is maximum and that of Fz is minimum. In Ch there is a possibility of overlap 
ofa filled orbital of one Cl atomwith an empty d orbitalof the other Cl atom with the formation of dr- px bonding 
which increases bond energy. Since F atom does not have d orbital, no such dz- pz bond in possible in Fz. The 
multiple character (dr- рл} of bond makes the bond energy of Cl = СІ bond high. The repulsion of lone pair in 
Fz is maximum due to its small size—hence the attraction between the two F atoms is less. For this reason bond 
energy of Fz is less than that of Cl-Cl bond. 

In O; there are only 2 lone pairs on each O-atom, hence repulsion between the lone pairs (non bonding 
electrons) is comparatively less. In Nz molecule there is only one lone pair on each atom where the repulsion 
between ће lone pair of electrons is minimum — hence the bond energy of N = N is maximum. Moreover, № 
molecule is triple bonded while О; molecule is double bonded. This also goes to show that bond energy of No is 
greater than that of Oz. 

е Bond angle : All diatomic molecules are linear. Some tri atomic molecules e.g., CO2, CS; are also linear, 
but other multiatomic molecules have particular geometrical shape. Since covalent bonds are directional in nature, 
they must form some definite angle which is called bond angle . A bond angle is defined as the angle between 
the bonding orbitals in the valence shell of the central atom in a molecule. Bond angle is measured by X-ray 
or by spectrographic method. 
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Some important points about the bond angle and the molecular structure are given below— 
(i) Like atomic orbitals, the hybridised orbitals are also directional. Hence bond angle is controlled by the 
type of hybridisation shown by the central atom of the molecule. the following table illustrates this, 


sp linear 180° Trigonal bipyramidal 
or Square planner 
зр? Trigonal 120° 
5р? Tetrahedral 109°28' Octahedral 
dsp? Square planner | 90° Pentagonal bipyramid | 90°, 72° 


Thus bond angle of a molecule gives a rough idea about the molecular shape. 

fii) Lower bond angles exert greater repulsive force making the molecule unstable. Stability of a 
molecule increases with the increase of bond angle. This explains why complexes with large ligands like 
Г, Br and CF with metal ions (Zn?*, Hg) of pseudo noble gas configuration (ns?np*nd"), are always 
tetrahedral as the bond angle is 109°28'. They can not form square planner complexes because in that case 
the bond angle would have been 90° and there would be a large repulsion among the ligands. Thus Hgli", 
ZnCl? are all tetrahedral. 

(iii) Presence of lone pair of electrons decreases the bond angle and thus distort the molecular shape because 
of the lone pair-lone pair repulsion (VSEPR Theory). Thus, although С, N, and О are in sp? hybridised state, in 
CHa, NH; and HO respectively, H—C—H bond angle = 109°28' { no lone pair on C atom). H—N—H bond angle 
= 107° (one lone pair on N-atom, shape-pyramidal), H = О -H bond angle = 105° (Two lone pairs on О atom, 


shape-angular). ЖО ns 
н pa е pair 


vnd me ) ТАТ 
Нено hs oH вн <> 
s A “© зн 


107° H^ 105° 
Melhane Ammonia Water 
No lone pair on C atom 1 lone pair on N- atom 2 lone pairs on O- atom 


(iv) Since the repulsion exerted by ће bonding pair of electrons decreases with ће rise of electro- 
negativity of the peripheral atoms in the molecule of the type AB, the bond angle decreases to a considerable 
extent e.g., 

NF; = 102°, E PF, = 978 
H is less electro-negative than F 

Nid! GFE MBIA член тин. ap i РО» 100" 

AsCl; = 100°5° 

AsBr; = 101°5° 

(5) Bond angle may also increase due to the repulsion among the atoms joined to the central atom. Thus in 
H,S, the central atom S forms 2 bonds by using its 3p orbitals. The bond angle between p orbitals should be 
theoretically 90°. But due to repulsion between two Н atoms which are partially positively charged, the bond angle 
H-S-H becomes 92`5°. 

The.bond angles in some molecules are given below— 


Clis less electro-negative than F 


Br is less electro-negative than CI. 


H-O-H = 104°3° F-N-F = 102° FPF = 102'5° 
F-O-F = 102° H-N-H = 107° СЇ+Р-С1 = 103`5° 


H-S-H = 92`5° HPH = 933° Br-P-Br = 108 5° 
F-P-F =97`8° H-As-H = 92° O-N-O =115° 
Cl-P-Cl = 100° H-Sb-H = 91:3 O-N-O = 135° 
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6.17. Molecular orbital theory of covalent bond. 

Although the valency bond theory (V.B.T.) of Heitler and London was able to account 
for the formation of covalent bond and its source of energy, yet it has a number of draw 
backs. 

(i In V.B.T it is assumed that atomic orbitals remain unchanged when a molecule is 
formed. But it is not correct, since all the electrons around each of the combining atom 
must undergo mutual interaction, because the behaviour of an electron in an atom and the 
behaviour of the same electron in a molecule can not be the same as the two environments 
are different. 

(ii) V.B.T. is unable to explain the formation of coordinate bond of Sidgwick. 

(iii) The paramagnetic property of O2 molecule cannot be explained by V. B. T. On the other 
hand the electron pair bond predicts that O; molecule is diamagnetic as all the electrons 
are paired $ O — O$. ا‎ 

V. B. Т. üssumes that boron molecule is diamagnetic as it has no unpaired electron B-B. 
But magnetic studies reveal that B; molecule is paramagnetic having two unpaired electrons. 

Thus, in order to explain the deficiencies of V. B. T., Hund and Mulliken proposed molecular 
orbital theory (M.O.T.) of covalent bonding. The salient features of this theory are given 

below— 

(1) An atom is characterised by its atomic orbitals, so also a molecule is characterised 
by its molecular orbitals i.e., no atomic orbital is present in a molecule. The atomic orbitals 
of the participating atoms forming the molecule, combine together to form molecular 
orbitals. 

(2) The number of molecular orbitals thus formed is equal to the number of atomic orbitals 
involved in the formation of molecular orbitals. 

(3) The following rules must be considered in order to have an effective combination of 
atomic orbitals to form molecular orbitals. 

(a) The principal quantum number of the combining atomic orbitals must be same. 

(b) The atoms must be close enough to have a maximum combination i.e., the radial 
distribution function of the two participating atoms must be similar at this distance. 

(c) When rotated about inter-nuclear axis, the symmetry of two atomic orbitals will not 
change, but if there is any change in the symmetry, it will be identical for the two atomic 
orbitals. 

(4) Two atomic orbitals combine together to form two molecular orbitals—the one having 

lower energy than the starting atomic 
orbitals is called Bonding molecular 


ABMO orbital (B.M.O.) and the other having 

E higher energy than the starting atomic 

| 2 orbitals, is called Anti bonding molecular 

ENERGY |^ See Ae RARE 5576) orbital (А. В. M. O.). А Bonding 
/ мар | [к \ molecular orbital (В.М. О.) is E, times 

more stabilised than the two atomic 

Atomic О BMO Atomic orbitals, whilean Anti bonding molecular 

orbital E orbital orbital is E; times more destabilised 


- than the two atomic orbitals. 

(a) Formation of molecular orbitals from (s-s) atomic orbitals : Two s orbitals give rise 
to two molecular orbitals— their electron density is shown below— | 

In the B.M.O. which is represented by the symbol © 1s, there is a high electron densiry in 
between the two nuclei. In ABMO, the electron charge cloud density is concentrated at the far 
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ends of the two nuclei. In the nodal line there is minimum probability of finding the electrons. 
Electrons in themolecule preferentially occupy the bonding molecular orbital. The Antibonding 


Atomic orbitals 
15015 inphose ^^ Bondingmoleculor 
overlap orbital (B.M:O.) 
ols 
Atomic orbitals Nodal plane 


OO 
WoW outatphose) Anti bonding 
overlap molecular orbital 


[A BMO: Š 1s 


molecular orbital is represented by the symbol G 1s since it arises by the linear combination 
of two Is orbitals. The electron charge cloud density of-other ns orbital is same. 

(b) Molecular orbitals from p-atomic orbitals : 

(i) When two 2p, atomic orbitals overlap end to end along the X-axis, two molecular 
orbitals are generated. When lobes of similar signs overlap, then bonding molecular orbital is 
generated. Anti bonding molecular orbital is generated when the lobes with opposite signs 


overlap. Atomic orbitals BMO 
» з, Я + eS 
ох CO oe es 28 2: 

Nodol i 


‘Atomic orbitals plone | 
Grit ee fae 
orbital (ABMO} ®2р, 
(ii) Formation of л molecular orbital : When two 2p; atomic orbitals overlap sidewise, 
nvo molecular orbitals are generated. When the lobes with similar signs (+) (+) and, 
(—) (—) overlap, a bonding K 


molecular orbital (BM0) ` E ears] 

is formed. When the 

lobes with opposite 

signs overlap, then anti- 

bonding orbital (AMBO) 0) tu ran 

is generated. Bac Bonding molecular orbital 
Since 2p, and 2p. 2р, 2р, Даа (8.M.O.] v2p,. 


orbitals аге degenerate 
orbitals, the M.O. dia- 
gram obtained from 2p, 
atomic orbitals will be H 
same as shown here. OO 
Note that the molecular ER. 
orbitals are labelled with 2p, 2р. outof phase Апі bonding molecular 
subscripts to indicate the overlap orbital (ABMO) 72р; 
set of atomic orbitals 
from which they are generated. 

(iii) There is a qualitative difference between © М.О. and т M.O. 

(а) In c М.О. thé lobes point lies along the line of joining the two nuclei while in Т M.O. 
‘the atomic orbital lobes are perpendicular to the line joining the two nucléi. 


Мода! plane 
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(b) The symmetry of the two molecular orbitals are quite different. When the bonding 
п М.О. is rotated about the internuclear line, the sign of the lobes changes, (+) becomes (—) 
and (-) becomes (+). They are said to be ungerade (odd) in the language of М.О. wave function. 
This change of sign does not occur if the O М.О. is rotated about the inter nuclear line. The sign 
remains the same. They are said to be gerade (even) in the language of M.O. wave function. The 
opposite thing happens in case of Anti bonding М.О. The Anti bonding п М.О. is gerade (even) 
while antibonding с М.О. is ungerade (odd). 

(5) A molecular orbital can accomodate two electrons with opposite spins. 

(6) In filling electrons in molecular orbital, the one having lower energy is filled first 
completely and then the electrons are filled in the molecular orbital having next higher energy. 
Thus Aufbau principle is followed strictly in the filling of molecular orbitals also. 

(7) In filling degenerate molecular orbitals, Hund's rule is applied i.e., electrons are first 
filled singly with parallel spins and then pairing takes place. 


© Order of energies of molecular orbitals. 
(i) In simple diatomic molecule, the order of energies of molecular orbitals are as 
follows— ч y > А А 
ols < 615 < 025 «02s < O 2p, < T 2p: (= л By) <n 2p, (= 12p,) < O Px 
This order of energies of molecular 
Н orbitals is correct for nitrogen and 
E Н heavier molecules. 


Ф 


МЕРЕ 


$ 


XS BE T ES‏ ا 


(ii) For lighter elements like В and 
C the energies of л 2p, and, л 2p, are 
lower than O 2p, For these atoms the 
order of energies of molecular orbitals 
is shown below. 


VN 
x 


n 


19 
®® 


I 
A A EE 


* 


| EAR r OM, | 
ete n og л?р, 2p. 
Of ---- ' 1 ---- 
“= ушш ANO 
Лы O Done Ion 
' | 5 ni 
E D Lane Š A 
шо OC 39 
| 3 poor ols 
[Atomic orbitals] | leer bad ; [Atomic orbitals ] MOLECULAR ORBITALS 


® Bond order and stabilities of bonds : 
The number of bonds between two atoms in a diatomic molecule is called Bond order (B.O.). In terms of М.О. 
theory the bond order can be calculated by applying the following formula. 
Number of electrons in ВМО - Number of electrons in АВМО | 
2 
As the number оЁВ.О. increases, bond length decreases, bond energy increases and higher is the stability 
of the species. Species with negative bond order does not exist. А 


| 
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Bond order Stability Bond order 


"Zero Unstable— the species does 2 
not exist. 


1 Stable, single bond 3 


More stable, double bond 


Most stable, triple bond 


€ Comparison between atomic orbital and molecular orbital. 


Atomic orbital Molecular orbital 

(1) It belongs to an atom. Atomic orbitals ore | (1) It belongs to a molecule. Molecular orbitals e| 
mono centric. poly centric. 

(2) Atomic orbitals interact with one nucleus. (2) Molecular orbitals are influenced by more than 

one nuclei. 

(3) They have definite shope and the molecular | (3) Molecular orbitals have no definite shape and 
structure is determined either by them or by the structure of the molecule is not dictated by 
hybrid orbitals formed from them. the M.O. ҮЙ. 

(4) Atemicorbitals are denoted by s, Pu Py p. ду, | (4 Molecular orbitals are denoted by o, o, л, f 
д, d, etc. etc. 


ө The electronic configuration, bond order and magnetic moment of some diatomic molecules. 

(1) Н, molecule : 

The electronic configuration of Hz molecule is 137. 
2-0 


AO. MO. AO. 


Bond order = =] 


Since, there is no unpaired electrons present in Hz 
molecule, it is diamagnetic, the bond order is 1 and the eis 


molecule contains only i bond and that is of c type. нанава cli m 
(2) Нез molecule : 
The electronic configuration of He; molecule is AO. ко. AO. 
ols s. _®.. 
2-2 "ud 9 э 
Bond order = =0 ex ue X» 
$2 9^ 
This indicates that no bond exists between 2He TA 
atoms. Hence such molecule does not exist, He molecule He atom Не, molecule Неоют 
is monoatomic. 
AO MO. AO. 
(3) Li; molecule : CRN ee, 
The electronic configuration of Liz molecule is “у 
cis ó 12 022. оё 
45 О 
Bond order = =1 ТЫТ 
Since there is no unpaired electron in Li; molecule, Lia onions 
itis diamagnetic. ® 
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(4) 8, Molecule: Р 
The electronic configuration of В; molecule is 
al? 512 0225 29 x Zp! л?р. 


Bond order = а =1 
Since there аге 2 unpaired electrons one each on 


л 2p, and x 2p, orbital (Hund's rule is applied here), 
the molecule is paramagnetic. 


The electronic configuration of О; molecule is 
018618? 628623? o 2p? n 2p? x 2p? 7 2p, 2p} 


10-6 _» 


The bond order of O; molecule = 


Since there are two unpaired electrons in the two 
antibonding М.О. X 2p, 2p, Ог molecule is 


paramagnetic. 


(6) Peroxide ion Оз : d 
Addition of two electrons in О; molecule results in the formation of peroxide ion. No. of electrons = 16 +2 = 18. 
О,+2е > OF і 
These two electrons will invariably enter into the antibonding 7 2p, and 22р, molecular orbital. The electronic 
configuration of O;^ is c1 618? 02: 624 a2p? т2р2 x 2p? 12р} 7 2p? 
مت‎ 


10-8 i — 


The bond order = 2 


Since there is no unpaired electron in Oz ion, all peroxides are diamagnetic. Since bond energy is 
decreased as В.О. decreases, О — О bond length in all peroxide ions must be more than that in O — О bond 
in О; molecule. н 

(7) Superoxide ion O; : 

The superoxide ion Oz is formed when only one electron is added to the O; molecule. No. of electrons 
= 16 + 1 = 17. The electronic configuration of superoxide ion Oz is shown below : 

cl$ól?  c22ó29 c2p? n2pj n2p? z2pj 22р„! 
10-7 1 


The Bond order = =z =15 
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The ion is paramagnetic as it contains ] unpaired electron in the antibonding molecular orbital 7 2p,. 
Since bond order is more than peroxide in Oz `, its bond length must be less than that of Оз ~ but more than that 
of oxygen molecule. 

(8) Oxygenyl cation Оз : 

This is formed by the loss of one electron from Оз molecule. O2- e > O} No. of electrons = 16 - 1 = 15. 

Loss of electron invariably takes place from antibonding molecular orbital z 2p,. 

The electronic configuration of O is o 1s 612 02? 62% o2p? 12pf х2р л?р, 

The bordaria тоз =24 


The cation is paramagnetic as it contains 1 unpaired electron in the antibonding molecular orbital 7” 2p,, bond 
order is more than O molecule and bond length of О? is less than that of O; molecule. 
(9) F; molecule: 
No. of electrons = 9 + 9 = 18. 
The electronic configuration of Fz molecule is o 15^ G15? о 22 62s. a 2p? 12p х2р2 1 2p? 12p? 
eH لسا‎ 


0-8 


1 
Bond order = “27 =1 
The molecule is diamagnetic as it does not contain any unpaired electron. 


(10) 


N;-molecule : There are 7 + 7 = 14 electrons in this molecule, 


The electronic configuration of Nz molecule is o 1s 0 12 02° 62s с?р? 1 2p, r 2p? 
КЕ Эйн. а; 


Bond order = 


10-4 


=3 


Nj molecule is diamagnetic as no unpaired electron is present in the molecule. 


(11) CO-molecule : There are 6 + 8 = 14 electrons is this molecule. 
The electronic configuration of CO molecule is 
019012029029 o 2p? m 2p? n 2p? 


10-4 
Bond order = 2 =3 О 


The molecule is diamagnetic. 


Соют CO molecule! O atom 
о. fo MO AQ. 


The following table gives оп idea of bond order, net bonds, bond energy of some diatomic molecules. 


Bond energy Magnetic | Bond order 
property 
Dia-magnetic 


Dia-magnetic 


Para-magnelic 
Dia-magnetic 
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A polar bond is formed whenever there is some difference of electro-negativity between the 
two atoms. All hetero-nuclear diatomic molecules are polar. 

ө Factors controlling the formation of a polar covalent bond : 

(1) The polarity of a bond normally depends upon the difference in electro-negativity of the 
nva bonding atoms in the diatomic molecules. Larger the difference in electro-negativity of the 
two atoms forming a covalent bond, the more polar is the bond. 

The increasing order of electro-negativity of some atoms is shown below : 

(Hs; 4B) SAE (1) aS) piss DEBE ex Clo ESD Ou „г ЛЕ: 
2.0521 SDS 2.8 30. 3.0 8.5 4 


The polar and non polar bonds are schematically shown below— 


toph t— —g—N CC С-0—№ 


Highly polar Polar Non polar Highly polar 


(2) Polarity of a bond not only depends upon the difference in electro-negativity but also 
depends upon the geometry of the molecule. Electro-negativity difference between the two 
bonding atoms is one of the causes of polarity of the molecule but it is not the only cause. A 
large number of molecules are known where each bond may be polar due to difference in 
clectro-negativity of the bonding atoms, but the molecule as a whole becomes non polar. This 
is attributed to the zero dipole moment of the molecule. As for example, each C—O bond in 
СО, is polar and each C—S bond in CS; is polar but both the molecules as a whole аге non polar. 
There is some difference of electro-negativities between C and two O atoms in CO; or C and 
two S atoms in CS;. Hence the bonds C—O or C—S are polar. Butboth the molecules are linear. 

di $^ 26 ô 
оС 0 SES 


they cancel each other. The polar bonds are in opposition since the molecule is linear. Thus 
although the charges are different in the different atoms, the centre of gravity of all the charges 
are equi-centric. Hence electron charge cloud is delocalized in the molecule because of its linear 
shapeand no opposite polarity isdeveloped inthe molecule. Hence both CO; and CS; molecules 
are non polar— their dipole moment is zero. This explains why CH4, СС, C2H4, HgX 
(X = CI, Br, I) etc., are all non polar. t 


[e] 

5 А 
H H 1 

Nat 25- j: 5- 25+ ie 

А. X zx Hg mni РА C‏ === بع 
d‏ 

Jl ü Mercuric halide d \ 

Ethylene a non d 

polor molecule Non polar ССІ, 


Carbon tetrachloride is a symmetrical tetrahedral molecule. Each С—С1 bond is polar 
because of the difference in electro-negativity of C and Cl atoms but the centre. of gravity of 
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all negative and positive charges coincideon carbon. Hence as a whole the molecule is non polar 
having zero dipole moment. 

e Conditions for the formation of dipolar molecule : 

Three conditions are required for polarity of a molecule. These are— 

(i) The molecule must be hetero-nuclear diatomic,— not homo-nuclear. 

(ii) There should be considerable difference in electro-negativity between the two atoms in 
the bond. 

(iii) The centre of gravity of positive and negative charges should not coincide. 

If the above three conditions are satisfied, then positive and negative polarity will be 
developed on the two ends of the molecule and the molecule becomes dipolar. 


6.19. Dipole moment. 
The separation of charges due to the displacement of electrons from a less electro-negative 
atom to a more electro-negative one in a molecule is measured by dipole moment which is 
actually a quantitative expression of polarity of a molecule. In a polar 
molecule equal positive (e) and negative (е^) charges are separated by a 
distance /. The degree of polarity of a polar molecule is expressed in terms 

of its dipole moment, 

Dipole тотетт of a polar molecule is defined as the product of the 
electric charge(e) and the distance of separation (1) between the positive and 
negative electrical centres in a dipole. 

Thus, Dipole moment = ex! where, е = electronic charge = 4.8 x 107° e.s.u. now if 
12 1À = 10* ст, 

The depole moment и = 4.8 x 10°! e.s.u. х 10* cm = 4.8 x 107! e.s.u. cm. 

Now since 1 x 107'* e.s.u. cm = 1 Debye (D), p= 4.8 Debye(D) 

(a) Thus, the dipole moment ofa polar molecule increases with the increase of the quantity 
of the separated charge or with the increase of the distance between the positive and negative 
centres. 

(b) Dipole moment is a vector quantity, it has both magnitude and direction. It is denoted 
by an arrow, the tail of which is crossed (+). It actually indicates the electron displacement 
from less electro-negative to more electro-negative atom. 

(c) The magnitude of dipole moment is a measure ofthe polarity ofa bond. Larger the dipole 
moment of a bond, greater is the polarity of the bond. 

(d) Dipole moment signifies the separation of charge in a bond. If the separation of the 
charge is more, the dipole moment becomes high and the bond becomes more polar. 

(e) For a diatomic molecule, the bond polarity is equal to the molecular polarity, but the 
dipole moment of a molecule having more than two.atoms depends both on the bond polarity 
and molecular polarity. Let us consider a molecule ABC : 
where В and С аге more electro-negative than A. Let it be an 
angular molecule and 2 ВАС = Ө. If ш and pp are the bond 
polarities between АС and AB respectively, the resultant 
dipole moment £1, can be obtained by applying the law paralle- A 
logram of forces. Thus, Xx. 

и, = Nut + и} + 2ши cost АУ р 


(f) All symmetrical molecules are non-polar and possess zero dipole moment. All 
homonuclear diatomic molecules are also non polar as the bonding.atoms have same electro- 
negativity and they have also zero dipole moment. But due to difference in electro-negativity 
of the bonding atoms, all hetero nuclear diatomic molecules are polar and have dipole moments. 


270 ELEMENTS OF CHEMISTRY 


Dipole moments of some common compounds are given in the following table : 


Non polar molecule Dipole moment (u) Dipolar molecule Dipole moment in D 
H2 0 њо 1°85 
№ 0 H2S 110 
Р 0 SO; 115 
Ch 0 co 012 
CO: 0 CH,Cl 1:86 
C$; 0 HCl 1:03 
сн, 0 CHCl; 115 
C2H2 0 HCN 210 
сн, 0 НЕ 200 
(«еў 0 NH; 1°46 
о, 0 МР; 0°20 
Bro 0 HI 0°38 


In S.I. Unit ID = 3°33 x 10?? coulomb metre. 


6.20. Applications of dipole moment. 

(i) The numerical value of dipole moment indicates the extent of ionic character ie, 
polarity of a bond or a molecule. The dipole moment of all homonuclear diatomic molecule 
is zero. As the value of dipole moment increases the molecule becomes more ionic. H;O is 
more polar than NH;, since the dipole moment of water (1.86 D) is more than that of ammonia 
(1.46 D). Similarly HF is more polar (и = 2.0 D) than НСІ (и = 1.03 D). 

(ii) The percentage of ionic character of a bond can be evaluated from a knowledge of the 
value of its dipole moments. 

The following formula may be applied in finding out the percentage of ionic character of 
a bond. 

Hobs 


Percentage of ionic character in А-В = Tan x 100 


Hobs = observed dipole moment i.e., measured value 

Mca) = calculated dipole moment on the assumption that the molcule is composed of two 
separate ions i.e., complete transfar of electron takes place from A to B giving rise to A*B- 
(completely ionic). 


€ Examples : 
(1) Calculate the percentage of ionic character in HCl, given the observed dipole moment is 1°03 D 
and their internuclear distance = 1'275 А. 
Ans : If their is a complete transfer of electron from H to Cl in HCl giving rise to completely ionic Н*СГ, the 
dipole moment would be $ 
ba = ex | & 4.8 x 1079 e.s.u. x 1.275 x 10% cm 
= 6.12 x 105 e.s.u. cm = 6.120 [10 = 108 e.s.u. ст) 


% of lonic character in HCl = 13 x 100= 16.83 


. The bond in НСІ is 16.83%, lonic and 83.17% covalent. 
(2) Two equal but opposite charges e ЫР x 10-19%) are at a distance of 0.15 nm from each other. 
Calculate the value of dipole moment in coulomb metre (Cm) and debye unit. 
Ans : Dipole moment и = e x | 
Here | =0.15 nanometer (nm) = 0.15 x 10? metre 
и = 1.6х 1079 Col x 0.15x 10? m= 1.6x 0.15 x 10 coulomb metre. 
= 24x 1079 coulomb metre 

Now 1 D = 3.335 x 10730 coulomb metre 

24 x 107? coulomb metre 


=— 27.196 
* 773,335 x 109 coulomb metre р 


(3) If the inter nuclear distance of a heteronuclear diatomic molecule is 1.0 À and its dipole moment is 
1:2 D, calculate the percentage of electronic charge in the molecule. 
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и 12D 1.2x 10"? e.s.u. cm 
Ans:usexlore 2— = EROR TEM 


Ü =1. V esu,‏ غ ا 
1x10?cm 1x10? cm cpl een‏ | 


- 1.2 х 107° e.s.u. 
% of electronic charge = н сач TOU 25 
4.8 x 107? e.s.u. 


: The percentage of electronic charge is 25%. 

4. The dipole moment of KCl is 3.336 x 1072? coulomb metre which indicates that it is highly polar 
molecule. The interatomic distance between K* and CF in this molecule is 2.6 x 1079 т. Calculate the dipole 
moment of KCl molecule if there were opposite charges of one fundamental unit located at each 
Calculate the percentage of ionic character of KCI. ТАТ. '93] 

Ans : u = 1.602 x 107? Col x 2.6 x 10? m = 4.165 x 1072 coulomb metre 

Hence K*CI will register a dipole moment of 4.165 x 10729 coulomb metre 


3.336 x 107? Cm 
% of Ibnic Character in KCl = zien 100 = — — — — —— х 100 = 80.1% 
983 4.165 x 10? Cm 


Dipole moment and percentage of ionic character of hydrogen halides are listed in the following table. 
EE — EHE IE 7H 
2 HI 5 


HBr 12 
17 
43 


(019) Distinction between cis and trans isomers : Square planer complexes of the type Ma;b; 
occur in two geometric forms—cis and trans. Dipole moment study often helps us to distinguish 
between them. Cis-isomer always has higher dipole moment than that of trans-isomer. 

In cis-isomer there is a resultant dipole moment but in trans-isomer one bond moment. 
partially cancels the other so that the overall, resultant dipole moment becomes low. 


; MS, ud M mec 
ca sd x. S 


Cis-isomer (и high) Trans-isomer (и low) 


(iv) Structure of molecule : An idea of the molecular shape can be predicted from the 
numerical value of its dipole moment. Tt PS 3 j 
further indicates e the lectionie charges z рчы ыык. 
are separated in the molecule. 5 
As already mentioned, all the Ze 5 | 
symmetrical molecules are non-polar as their 
dipole momentis zero. It is further observed 
that even if the individual bond in a poly D 
atomic molecule is polar, the molecule as a I 
whole becomes non-polar. This is because 4 
of the fact that, the centres of all positive ZN H | 
charges and negative charges in the molecule 
may coincide for which the resultant dipole 
moment of the molecule becomes zero. The 
resultant dipole moments of some molecules 
are shown here : u 
(а) СО» and CS; molecules : Let us consider the case of CO and CS; molecules. Boththe 
molecules are linear and non-polar, The CO; molecules contains two polar C-O bonds as 


120° u, =0 
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For the same reason, though CS; molecule contains two polar C—S bonds, CS molecule is 
linear and exhibits zero dipole moment i.e., C$; molecule аз a whole is non-polar. 
(b) N,O molecule : Linear structure of a poly atomic molecule is not always non-polar, 
Thus nitrous oxide N,O molecule is a polar molecule though it has linear structure. N,O 
molecule contains one polar bond N —O and another non-polar 
s 8 8 bond NN. Since oxygen is more electro-negative than N, the 
Nam, 0 difference in the degree of polarity exists between N +O and 
N - N bonds. Consequently the bond polarities can not cancel cach 
other and as a result, a resultant dipole moment arises which acts on the same straight line. 
(с) H,O molecule : H;O is а polar molecule and its moment is 1.85. This suggests 
that H and О atoms in HzO molecule do not lie in a line. It must be angular with two 
H atoms on the same side of O atom. H-O-H bond angle » 105* 
and the polarity of H;O is due to two similar bonds H-O which ^w 
can not cancel each other and as a result, a resultant dipole A й 


moment, suggests that the two bond dipoles can not cancel each VAN 
: ü É 
(d) Symmetrical molecules of zero dipole moments : CH, CCl, have zero dipole 
moments, This is because of their symmetrical tetrahedral structure for which the dipole 
н neutralised by the dipole moment of the other 


polar 
molecule as а whole is non-polar i.e., the dipole moment of 
the molecule as a whole is zero. This suggests that these 


н н с} molecules have symmetrical structures. 
` O „BF, has also zero dipole moment. F 
m Carbon This is due to the fact that the three F 


turaddoride atoms in BF, molecule, lie at the 3 
comers of an equilateral triangle with 
ZIR 


ule has also symmetrical st The vector addition of the dipole get 
moments of the three polar B-F gives a net sum of zero. 
Some other symmetrical molecular structures having zero dipole moments are given below— 


—LL—^—A———————É—A———— 


(е) The Фрее memeni of NH ы 1 46.1) Vis venusta uaa МИ, omades wie ра aet poteri 
nd sirms fore NÉ, کات‎ ule has 6 іграй primal tir tete 
es where N stoen i» placed at e apura amd MA өмет lat ad фы comen 
^ м M-N-H bond angle = 107". la NH, molocele the dipole ененин 
Л of Gwe molecule эз а e hole à greatly inf Tene ed by the porien y 
of home prit of (Чеч roma on N em 
(v). Influence of dipole moment on mp and hp | Dipole moment can inf baron du 
points of substances Dipole-dipole force exista between the puter 


& 


of 
the inter molecular attraction mcreases with the increasing polarity Меке 


ће attractive forces holding the ions of the polar solute are diminithed because of the high 
dielectric constant of water. The cations and anions of the pola solute become hydrated amd 


The totes of CO) ond NO we " 
о CSO 4м =A ss 
acm n ДА SF 


(v mrs elec te campus Pee rien e Фә to bani буна (C O^) * у, mtn qom. 
CO, molecule i төю рейн But NO СЕ me BO prd 3 
now OM hegre onm oo rye dee à ha dhawa n ——— 
Nos adi Nett it qu io өө dmt Newel mh je e creto —À2 

LI DELI D "бао! 
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€ BF, molecule is not linear yet its dipole moment is zero— explain. 

Since there is an appreciable difference of electro-negativities between В and F atoms, each of the 
three B-F bonds in B Ёз molecule becomes polar. The three F atoms in BF; molecule lie at ће 3 corners of an 
equilateral triangle with B atom at the centre, i.e., BF; molecule is triangular planer and the bond angle is 120°, 


& & * 
ж BGR 120 l. 
B 4 $^ 
Hu А 
55 
F 
The resultant dipole moment cancels each other so that the total dipole moment becomes zero and the molecule 


s non-polar. 
In BF; each B-F bond has the same bond dipole moment. ш = {2 = и; and bond angle 6 = 120°. 
. Resultant dipole moment д, = p? + Hz? + 21/2 cos Ө = ph? + H3? + 2fl cos 120° 
=m? +u- 2mpix 0.5 (cos 120° = – 0.5) 
=u? on рещ cum) 
Thus the resultant dipole moment cancel the 3rd bond dipole. 


€ Although NF, and NH; have same structure yet the dipole moment of NF; is less than that of NH,— 
Explain. 
ut The structures of NF; and NH; are given here. Both the 
| Atomic dipole N atoms in the two molecules are in sp? hybridised state and 
т e. both the molecules are pyramidal as both of them contain опе 
3 N lone pair of electrons in N alom. Now atomic dipole due to 
22. ES lone pair acts away from the nucleus and are same in both the 
F F two molecules. Since F is more electro-negative than N, the 
Е p,=0.2D bond dipole in NF; acts towards F atoms. Thus the, atomic 
ig) dipole and bond dipole in NF; act in opposition, decreasing 
| Atomic dipole the resultant dipole moment. On the other hand in NH;, the 
" * bond dipole acts toward N atomi as itis more electro-negative 
, NSS than H. Thus both atomic dipole and bond dipole act on the 
x e same direction increasing the resultant dipole moment. Hence 
H NF; has smaller dipole moment than NH; or in other words 
Н us 1.46D NH; is more polar than NF3, although each N-F bond is 
" highly polar. 
€ The dipole moment-of CO is very low— Explain. 
CO is a linear molecule. Each of C and O atom are in sp hybridised state and both of them contain 1 lone 


pair of electrons.. 


:с=0: 
Шш 

The effect of atomic dipole due to 1 lone pair on each of the two atoms is same and cancel each other. The 
bond order in CO is 3, one of them is с but the other two are л. But of the two x bonds, one is normal x bond 
and the other is dative bond. Since oxygen is more electro-negative than C, therefore bond dipole acts from 
carbon towards oxygen. But as а result of dative bond some of the electron cloud is displaced from filled 2p, orbital 
of oxygen to the vacant 2p, orbital of carbon: This develops a bond moment from oxygen to carbon. Ics olg 
although small. Thus some of the moment from С» О is neutralised by the moment € == O: Hence the 
dipole moment of CO is much less than that of expected. 

ө Arrange the following in the order of increasing polarity— ortho, meta, and para dichloro benzene. 

їп ortho isomer the two Cl atoms are at 60° apart while in meta and para isomers the Cl atoms are at 120° 
and 180° apart respectively. 
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In ortho isomer— be = Vin? + pig? + 2ши cos 80° 


fe 
c 
= Nu? + + la ») А q 
The value is highest and so ortho-dichloro benzene is ў КУА 
most polar. Y 
In meta isomer— р, = Nu? + us? + 2uius cos 120° Я 
= Vn? + p? =- uu ortho „ја Ё дын 


The value of ji, is less than that of ortho isomer. : Hh 


In para isomer— ji, = ^| ui? + д1 + 2mp cos 180° 
ы М2 + uz руз = ph -= 2. Q 


In para isomer the two Cl atoms are just opposite to each 
other in the-same line. As a result, both the bond 
moments cancel each other and д, = 0. Hence the para isomer is non-polar. Thus the order of polarity is, para 
„isomer < meta isomer < ortho isomer. 


6.21. Hydrogen bond or hydrogen bridge. 

Some unusual properties of some covalent compounds containing hydrogen atom are 
recorded in literature in the past. Thus, typical covalent compounds like sugar, glucose, ethyl 
alcohol etc., are highly soluble in water. Alcohols exhibit higher boiling points, ice floats оп 
water etc. In order to explain all these unusual properties and other related phenomenon, 
concept of hydrogen bond was necessary. 

A hydrogen atom having the electronic configuration 1s' is expected to form only one 
valency bond, but it has been found that H-atom has got a special property to form a weak bond! 
with certain electro-negative atams to which itis not directly bonded by formal chemical bonds. 
As a matter of fact, in some cases a hydrogen atom can bind two atoms together. 

A hydrogen atom bonded to a strong electro-negative element, say X (X = F, О, М) bya 
covalent bond X — H, when comes in contact with another strong electro-negative element, say 
Y, hydrogen atom gets bonded to Y by a weak electrostatic attraction. This unique type of weak 
electro-static attractive force is called hydrogen bond. 

Hydrogen atom, in fact, in such situation acts as a bridge. Hydrogen bond is always 
represented by dot line (- - - -). A hydrogen bond is depicted as follows— 


XzH+Y > X—H----Y 
je Arak ЬН: NL Hydrogen bond 
Here Xand Y may be the same or different element. In fact, due to large difference of electro- 


negativities between X and H, the X—H bond becomes polar X- E As aresult, due to residual 
formal positive charge on H atom, it is capable of forming hydrogen bond with the second 
electro-negative.atom Y. 

Thus in such case, hydrogen atom acts apparently like a divalent atom by uniting two 
electro-negative atoms at a time— one by single covalent bond and the other by a weak . 
electrostatic force of attraction i.e., hydrogen bond. i 

€ Hydrogen bond may be defined as a weak elecrtostatic force of attraction between 
hydrogen atom which is bonded with a strong electro-negative atom (such as F, O, N) ina 
molecule and another strong electro-negative atom of the same or another molecule. 

Hydrogen bond is not а normal chemical bond but is merely an electrostatic force of 
attraction. Yt is very weak and its strength is only 2-10 К cal mole"! whereas the strength of a 
covalent bond is‘50-100 К cal mole” 
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e Example: 
Because of the presence of hydrogen bonding, hydrogen fluoride exists as a polymer (HF), 
either in liquid or in gaseous state. In hydrogen fluoride, H—F bond is a polar covalent bond 
in which hydrogen atom is covalently 
linked with strong electronegative 


$c $ Lu x 
E ps Hydrogen bond E atom fluorine. As a result, the fluorine 
Ne 5 MÀ Nas ) s X at şı atomacquires a partial negative charge 
` 2 uh А H H and hydrogen atom acquires a partial 
“57 N E EUM 
EOD F P P8 
sees positive charge H — F. Such a positive 


charge bearing H-atom in a molecule of 
HF will be attracted by a negative charge bearing F atom in another molecule of HF. This 
process of hydrogen bonding between different molecules of hydrogen fluoride continues 
resulting the association of a large number of HF molecules. 
Hydrogen bonding in water molecules and alcohols : 


Gud сатр мох № 
È N үй 
0---н А 
"4 4 dieser = KO № 


l 
Covalent | * Hibonding ^ e v dai 3 
к ۵ = 1 годеп Бот alent bon 
PAINA k 
| Sie {Association of alcohol molecules due to 
Association of H,O molecules due lo H-bonding 
H-bonding 


e Conditions of the formation of hydrogen bond : 

(i) Hydrogen bond is formed only between highly electro-nagative atoms. The power of 
forming hydrogen bond usually increases with the increasing electro-negativity of the atoms 
which bind the H-atom between them. 

(ii) The size of the electronegative atom must be small. The power of forming hydrogen 
bond generally increases with the decrease of atomic radii of the atoms which bind the H-atom 
between them. 

These two conditions are fulfilled by three atoms e.g., fluorine, oxygen and nitrogen. Hence 
these three atoms can form effective hydrogen bond. Thus, only (F—H), (O—H) and (N—H) 
bonds are capable of forming effective hydrogen bond. But because of the large size of atom, 
the electro-negative elements like Cl, Br, 1, S, can not form effective hydrogen bond. Hydrogen 
bonds are usually found in HF, H;0, NH, 
alcohols (R—OH), carboxylic acids (RCOOH), 
amines (R—NH;). Thus ме may conclude that, 
greater the electro-negativity and smaller the 
size of atom (e.g., Е, О, №), the stronger is the 
hydrogen bond. 

e Nature of hydrogen bond : 

Hydrogen bond is neither an ionic nor a 
covalent bond. /t is purely anelectrostatic force 
of attraction. H-bond is formed between two electronegative atoms only i.e., the coordination 
number of H-atom is 2, This can be proved by the following logical arguments. The hydrogen 
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ion (H*) is a vanishingly small cation with no electron around it (15?). This cation can attract 
only one anion to the equilibrium intermolecular distance which is equal to the radius of the 
anion. Similarly a second anion can also be attracted to form a linear complex. A third anion 
can not approach the hydrogen ion because of anion-anion contact. Therefore, it can not have 
contact with the proton (H*). This ionic interpretation proves that the hydrogen bond is a weak 
electrostatic force of attraction and the co-ordination number of hydrogen is two. 


6.22. Characteristics of hydrogen bonding. 

(1) Hydrogen bond is formed between two atoms only but the two atoms must be highly 
electro-negative. They may be same or different. 1 

(2) Hydrogen bond is not ionic, no transfer or acceptance of electrons takes place. It is not 
at all a covalent bond because no sharing of electrons takes place. It is a weak electrostatic 
attraction. 

(3) Inthe species X — Н - - - -Y, H atom does not occupy just the mid point between X and 
Y. It is displaced more towards X than towards Y. This shows that hydrogen bond length is 
greater than covalent bond length. Thus in ice having O—H- - - - О bond, the O—H bond 
distance is 0°96 A and the distance between the two adjacent oxygen atoms is 2°76 A. So the 
hydrogen bond distance Н - - - - O is 1°80 А. 

(4) Since the covalent bond distance is less than hydrogen bond distance, a covalent 
bond energy is greater than hydrogen bond energy. While covalent bond energies vary 
between 50-150 k cal / mole, hydrogen bond energy is only 2-10 k cal / mole. Again 
although hydrogen bond is weaker than covalent bond, it is much stronger than Vander 
Waal's force whose energy never exceeds’! К cal / mole. Thus the strength of the bond 
energies are in the order, 

„+ Covalent bond >> Hydrogen bond >> Vander Waal's force. 

(5) In the species X—H- - - - Y, as the electro-negativity of X increases the strength of 
hydrogen bond (H - - - - Y) also increases. Thus the order of increase of the strength of hydrogen 
bond among (N—H - - - N), (O—H - - - О) and (F—H - - - F) is shown below : 

N—H---N < O—H---O «€ F—H---F 

. (The electronegctivity of = 3'0, О = 3'5, F = 40 in Pauling scale) 

F—H - - - О is stronger than O—H - - - Е. 

(6) Although the electro-negativities of nitrogen and chlorine are same (30), nitrogen 
can form hydrogen bond but Cl does not form effective hydrogen bond. This is because of 
the fact that, the atomic radius of N-atom (077 A) is much less than that of Cl atom (0°99 A). 
Due to the larger size of Cl atom, the electrostatic attraction between Cl-atom and H atom 


Oat | 
0 reu H i—>H-bond 
re: р 
С безнен 
5 H-bond Q 
i Cl--->---- H Ortho chloro phenol 
Chloral hydrate 


becomes weak. This explains why chlorine makes no effective hydrogen bond while NH; is an 
associated molecules joined by inter molecülar hydrogen bonds. However, sometime, due to 
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inductive effect of the adjacent atom or group, Cl can develop hydrogen bond us observed in 
Chloral hydrate, O-Chloro phenol etc. 
(7) Hydrogen bond is always linear. 


6.23. Types Hydrogen bonding. 

Two types of hydrogen bonds arc observed. 

(а) Inira molecular and (b) Inter molecular. 

(a) Intra-molecular hydrogen bond : When hydrogen bond is present within a molecule, 
it is called intramolecular hydrogen bond. Here H-atom is bonded to two atoms of the same 
molecule. As a result of such hydrogen bond, a ring structure results, It is an example of 
chelation. (Chelate = Crab's claw). Intra-molecular hydrogen bond is observed only in 
organic molecules, No inorganic compound with intramolecular hydrogen bond has so far 
reported. 


(b) Inter-molecular hydrogen bond : Hydrogen bond found among two or more molecules, 
same òr different, resulting in association, is called inter-molecular hydrogen bond. W is 
observed both in organic and inorganic compounds. As a result of inter molecular hydrogen 
bond, the molecules. get associated and rhe effective molecular weight increases with а 
consequent increase of boiling point, viscosity, water solubility and solvent power of the 
compound. 


© 


Example : 
o 4—0, Ж 
gud „= * 1 н 
je каче н б a N 
erre ШЕ ү А. э SR 
"e b i 
m G— a 


pa UN 


Anocahen o Mecho 


6.24. Influence of hydrogen bonding on the physical and chemical 
properties of a compound. 

Hydrogen bond has a profound influence on the physical and chemical properties of 4 
compound, Axa result of intermolecular hydrogen bond, the molecules exist in the associated 
trm and ак a result of which the effective molecular weight increases with a consequent 
increase of boiling. melting points and decreases of volatility. The following table shows 


| 
| 
| 
| 
2 


OLE OF OSEN К» — 109 
quai xt ve effect of both jatra amd iter molec lar bydroges buad us nome phytase preguntas: 


(а) Liquids having inter-molecular hydrogen bonds, boil at higher temperature than (he 
liquid held by Vander Waal's forces of attraction, since Vander Waal's force i» much weaker 
than inter molecular hydrogen bond The strength of Vander Waal's force depends upon the 
polansability of the molecule, which in turn, depends ироя the site of the molecule Mence 
higper the molecular size and molecular weight of the compound, stronger is the Vimar Waal’ s 
force and higher is its melting and boiling point. Tah аро wey Bel Rtg ا‎ 
olet alar weight normally boils at higher temperature, provided the molecules are iy 
only Vander Waal's force of attraction. 

(b) There are some cases where the boiling poist is decreased dui 10 daivu molecular 
hairhgen bonding. Thus, the ortho-hydrory isomers of mim, carbon! and carberytt 


comparatively . 

This is because of the fact that, in onho-isomer, the -ON group can form intramolecular 
hydrogen bond and as а result the H-atom of -OH group is unable to form hydrogen bond with 
water OW among other molecules of the ortho homer and Mhai can not form эзы! 
molecules— on the contrary, the ortho- isomer exis as discrete molecule Hence the m p өы! 
P p of the ortho isomer are оче 1 cane of meta олы! pare (дете. imira meses wn maton 
ıı mo possible and the “OH group is available for H-bonding. Comequemidy ia meta amd para 
ime n W bonding takes place Canning the formation of ate land meodeculet for which there 
imer Боа higher temperature. 


падре acude 

aw Ortho hydroxy Метин acid malts at a lower temperature amd has a lower volubstity 
than itt para (tomen. 

This is becuse, in the onthe-inomer, the -OH group and -COOH group being in clou 
pron иту. а form intra emolexular iydeoque boste Ал а rest, die M ano of -OH group п 
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inductive effect of the adjacent atom or group, Cl can develop hydrogen bond 'as observed in 
Chloral.hydrate, O-Chloro phenol etc. 


(7) Hydrogen bond is always linear. 
6.23. Types Hydrogen bonding. 

Two types of hydrogen bonds are observed. 

(a) Inrra molecular and (b) Inter molecular. 

(a) Intra-molecular hydrogen bond: When hydrogen bond is present within a molecule, 
it is called intramolecular hydrogen bond. Here H-atom is bonded to two atoms of the same 
molecule. As a-result of such hydrogen bond, а ring structure results. It is an example of 
chelation. (Chelate = Crab's claw). Intra-molecular hydrogen bond is observed only in 
organic molecules, No inorganic compound with intra-molecular hydrogen bond has so far 
reported. 


Example : On 0 Hydrogen 
E Н H-bond EX H-bond 
0 0) 
1 
N^ cf 
l i 


о он 
Ortho nitro phenol O-Hydroxy benzoic acid 


(b) Inter-molecular hydrogen bond : H. lydrogen bond found among two or more molecules, 
same ór different, resulting in association, is called inter-molecular hydrogen bond. It is 
observed both in organic and inorganic compounds. As a result of inter molecular hydrogen 
bond, the molecules get associated and the effective molecular weight increases with à 
consequent increase of boiling point, viscosity, water solubility and solvent power of the 
compound. 


Example : 


фуду db. иш 1 Nie 
Association of Ammonia 
EO DR. 
--0—H---O—H--O—H---0—H--- 
Association of Alcohol 


6.24. Influence of hydrogen bonding on the physical and chemical 
properties of a compound. 

Hydrogen bond has a profound influence on the physical and chemical properties of a 
compound. As a result of intermolecular hydrogen bond, the molecules exist in the associated 
form and as a result of which the effective molecular weight increases with a consequent 
increase of boiling, melting points and decreases of volatility. The following table shows 
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qualitative effect of both intra and inter-molecular hydrogen bond on some physical properties 
of compounds. 


Transition temperature 
Vapour Pressure 
Effective molecular weight 
Water Solubitity 
Viscosity 

*Di electric constant 
lonisation 
Molar volume 
Adsorption on Polar Surface 

Surface tension 


Soong} 


0. 


(1) Boiling point and melting point : The boiling point ofa liquid is defined as the temperature 
at which the kinetic energy of the molecules is sufficient to over-come the inter-molecular forces 
of attraction. Thus it is logical to conclude that the melting and boiling points increase with the 
increase of molecular weight and inter-molecular forces of attraction of the compound. 


(a) Liquids having inter-molecular hydrogen bonds, boil at higher temperature than the 
liquid held by Vander Waal’s forces of attraction, since Vander Waal's force is much weaker 
than inter-molecular hydrogen bond. The strength of Vander Waal's force depends upon the 
polarisability of the molecule, which in turn, depends upon the size of the molecule. Hence 
bigger the molecular size and molecular weight of the compound, stronger is the Vandar Waal’s 
force and higher is its melting and boiling point. This explains why liquid having higher 
molecular weight normally boils at higher temperature, provided the molecules are held by 
only Vander Waal'$ force of attraction. 

(b) There are some cases where the boiling point is decreased due to intra molecular 
hydrogen bonding. Thus, the ortho-hydroxy isomers of nitro, carbonyl and carboxylic 
compounds have comparatively lower m.p. and b.p. than the respective meta and, para-isomers. 
This is because of the fact that, in ortho-isomer, the -OH group can form intra-molecular 
hydrogen bond and as a result the H-atom of -OH group is unable to form hydrogen bond with 
water or among other molecüles of the ortho-isomer and thus can not form associated 
molecules— on the contrary, the ortho-isomer exists as discrete molecule. Hence the m.p. and 
b.p. of the ortho-isomer are low. In case of meta and para-isomers, intra-molecular H-bonding 
is not possible and the -OH group is available for H-bonding. Consequently in meta and para- 
isomers H bonding takes place causing the formation of ‘associated molecules for which these 
isomers boil‘at higher temperature. 

Examples : (i) Hydrogen fluoride : HF is a liquid and has the highest boiling point while 
the other halogen acids are gaseous in nature having low boiling points. V 

This is due to the fact that, due to the stronger electro-negativity and small size, fluorine 
atom in HF can form much stronger inter-molecular hydrogen bondings than the others 
halogens. For this, extra energy is required to break the inter-molecular H-bondings of the 
associate HF molecules. As a result, the boiling point of HF is much higher than those of other 
halogen acids. 

(ii) Ortho hydroxy benzoic acid melts at a lower temperature and has a lower solubility 
than its para isomer. 

This is because, in the ortho-isomer, the -OH group and -COOH group being in close 
proximity, can form intra-molecular hydrogen bonds. As a result, the Н atom of -OH group is 
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unable to form hydrogen bonds with water-or among other molecules of ortho-isomer. In the 
para-isomer, as the -OH group is not available to form intra molecular hydrogen bond— 
chelation is not possible, hence the 


on O=C—OH para-isomer forms associated 

Ca. molecules by inter molecular. 

TN nd _ hydrogen bondings. Consequently 

2 H extra energy is required to break the 

о intermolecular hydrogen bonds. The 

Intra moleculor H-bond OHc-O-C—OH _ ortho-isomer exists as discrete 
in ortho isomer molecule unlike para-isomer, Hence 
the melting and boiling points of 

ortho-hydroxy benzoic acid are less 

Inter molecular H-bond than those of para-hydroxy benzoic 

E in para isomer OH . acid. As the OH-groupof! para-isomer 


А ‚_ is available, it forms H-bond with 
O-atoms of water molecules and gets dissolved in water. 

Gii) Ortho- and para- nitro-phenol : 

Ortho-nitro phenol is steam volatile and has lower boiling point. It is sparingly soluble in 
water, while para-nitro phenol has higher boiling point and is completely soluble in water. 
This is because of the fact that, in ortho-nitro phenol the -OH group and -NO, group form intra 
molecular hydrogen bond because of 


their close proximity, Due to H-bond 

chelation ОН group is not available H—OH-*---O-H 

to form hydrogen, bonds with water (е) saji } 
molecules and hence it is sparingly T Er 

soluble in water. Since —OH group OL Sor bond H-bond 
is not available in o-nitro phenol, Nd Уй A 
association of molecules due to inter А | O—N=0-H—O 


molecular hydrogen bonding is not 

possible, Hence it exists as discrete molecules and as a result its ın.p. and b.p. are low. On the 
other hand in para-nitro phenol since chelation is not possible, -OH group is available to form 
hydrogen bond with water molecules and hence it is soluble in water. Association of para-nitro 
phenol molecules is also possible due to inter molecular hydrogen bonding. As a result its 
effective molecular weight is increased, hence its m.p. and b.p. become higher. 

(2). Water solubility : When;a substance is able to form hydrogen bonding with water 
molecules, it becomes soluble in water. The compound which is unable to form H-bonding 
with water molecules, is insoluble or sparingly soluble in water. The organic compounds 

DE Iur EUN ELA like alkanes, alkenes and ethers can not form H- 

l ^ bonds with water for which they are insoluble in 

R H water. The alcohols and carboxylic acids can form H- 

H-bonding between alcohol and water molecules. bonds with water molecules and so they are readily 

soluble in water. It is to be noted that, with the increase of alkyl group (-R) in alcohols, the 

formation of hydrogen bond is restricted and as a result, the solubility of such alcohols in water 

decreases. On the other hand, with the increase of -OH groups in alcohols, the formation of 

‘H-bond is enhanced and so the solubility of such alcohols in water increases. For this reason, 
sugars, some of the starches and poly vinyl alcohols are soluble in water. 

Similarly, the solubility of phenols, primary or secondary amines in water can be explained 
by their ability to form H-bonds with water molecules. 

Another thing is to be noted that, though the inter-molecular hydrogen bonding increases 
the solubility of a compound in water, the intra-molecular hydrogen bonding decreases the 
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solubility of a compound in water. This is because of the fact that, in the intra-molecular 
H-bonding, the -OH group is not available to form H= bonding with water molecules. 

In general, when the non polar solutes contain -O-H or-N-H or -F-H bond, they are likely 
to be soluble in water, because these molecules can form H-bond with water molecules. 


H 
| | 
LH N eer H 9 a N йын. н Q9 
HOH CH, н CH, 
Inter molecular H-bonds between H-bond between C,H,OH molecule 
NH, and H,O molecules етемакы 
Ир" 
Chen H H H OH он OH OH 
tine tod { патр о | 
Hebond between methyl A „е Gib prae 
‘amine and HO H HH HH HHH 


H-bonds between glucose and H,O 


(3) Strength of organic acids : The stability of the anion, obtained by the release of proton 
from an acid, is a measure of the strength of an acid. The stability of an anion of an acid is 
attained by chelation. Larger the stability of the anion ofanacid, higher is the acid strength and 
vice-versa. il 

Ortho-hydroxy benzoic acid (Salicylic acid) is stronger than para-hydroxy benzoic acid. 


à 


о о 


1 П 
Се с. 
o- 
ses Ж ы 
o" EA 
O-Hydroxy benzoic acid Salicylate ion 


This is because of the fact that, when one proton is removed from O-hydroxy benzoic acid, 
the corresponding salicylate ion is formed. But the salicylate ion can be stabilised by chelation 
i.e., by intra-molecular H-bond; as the H and O-atoms which form the H-bond are very close 
to each other. As a result, proton furnished by ortho-hydroxy benzoic acid has the least chance 
to recombine with the anion. Thus, the equilibrium is shifted towards the right increasing the 


concentration of H* ions. 


Ontheotherhand, theanionofpara-hydroxy benzoic соон Bos 
acid can not be stabilised by the formation of intra- 
molecular hydrogen bond, since the -OH group and lI varies 
-COOH group are on the opposite sides to each other. 
The protons released by p-hydroxy benzoic acid can oH oH 


have a chance to recombine with p-hydroxy bezoate 


ion, shifting the equilibrium towards the left and as a result the concentration of H* ions is 


O 
І 
H—C— COOH н—с— code тресета 
Il == ll + Н Il ! 
H—C— СООН H— C— COOH | a rag n А 
Maleic acid Maleate ion 


(cis-structure) 
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diminished. Hence the ortho isomer is more acidic than para isomer. Same argument can be put 
forward to explain that maleic acid is stronger than fumeric acid. 


Maleate ion is stabilised by intra-molecular hydrogen bond. 


H— C— соон H—C— coo" 
— 
-— [| + 

HOOC— C —H НООС — C — Н 
Fumeric acid Fumerate ion 
(Trans structure) No intra molecular H-bond is 
formed. Hence less stable than maleate 
ion 


€ Thg,boiling point of hydrogen fluoride is maximum among other halogen acids— Explain. 

Hydrogen fluoride is a liquid and has the highest boiling point while the other halogen acids are gaseous їп 
nature having low boiling points. This is because of the fact rt, fluorine atom is ће most electro-negative and 
its atomic т is minimum. Consequently, due to the electro-negativity and small size, fluorine atom 
in HF molecule can form much intermolecular bonds which bind the HF molecules in an 
associated state. On the otherhand Cl, Br and | atoms can not Dor hydrogen to their га! 
low electro-negativity and bigger atomic size. Their molecules in liquid state ore held by ed Vander 
Waal's force. As hydrogen bond is more than Vander Waal's force, extra energy is require lo 
rapture the intermolecular hydrogen bondings of the associated HF molecules. As a result boiling point of HF 
is much higher than those of other halogen acids. The boiling points of halogen acids are in the folowing order 

HF > HI > HBr > НСІ. ` 
This trend is observed in the hydrides of group VI B and V B elements as recorded by the follpwing graph. 


Ho 


Boiling point > 


Molecular wt > 


€ Both sulphur and oxygen belong to the same group of the periodic table, but while the hydride of 
sulphur (H25) is a gas, hydride of oxygen (H20) is а liquid at normal temperature— Explain why ? 

The boiling point of H20 is 100°C and that of H2S is -60°C. Oxygen atom is more strong electronegative 
than sulpur atom, Its atomic size is also smaller than sulphur atom. As a consequence, O-atom in НО can form 
much strong intermolecular hydrogen bonds but S-atom in H2S can not form H-bonds due to its comparatively 
low electro-negativity and bigger atomic size. The strong inter-molecular hydrogen bonds bind the HzO molecules 
in an associated state. On the other hand the molecules of H2S in its liquid state are held by weak Vandar Waal's 
force. As hydrogen bond is much stronger than Vander Waal's, force, higher energy is required to rapture ће 
inter molecular hydrogen bonds of the associated HO molecules. H2S molecules do not get associated but behave 
like discrete molecules. Hence at room temperature H2S is a gas and HO is a liquid. 

€ NH; boils at a higher temperature than РН. NH; can be liquefied easily— Explain. 

The boiling point of NH3 is -33'4*C and that of PH; is -87°4°C. Thus the b.p. of NH; is higher than that of 
PH; though the molecular weight of PH; is twice that of NH3. Since the size of nitorgen atom is much less than 
P atom and nitrogen is more stronger electro-negative than P, ammonia molecules are able to get associated via 
inter-molecular H-bondings. As a result the boiling point of NH; is high and NH3 molecules can be brought closer 
together easily. Hence, it can be liquefied easily. P atom in PH; can not form any H-bond and PH; molecules cannot, 
undergo such association. They exist as separate discrete molecules. Hence its boiling point is low inspite of i 
higher molecular weight, and can not be easily liquefied as no strong inter-molecular force of attraction exists 
among РНз molecules. 
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ө The molecular weight of ethyl alcohol 
Neue жез =, . and dimethyl ether is same, but dimethyl ether is far more volotilé 
The fonrlos cf aiv cloche cid distet alin ore ЫЕНЕН and C24 4 d 
r character of bond and hi hr y O-CHs respectively. Because 
iuri inter-molecular ERG айар ne aetna dones hon ener 


m mi 
pa ^” CH,-O-CH, 
"i he i" SU, doom mace 
9 yd of dimethyl ether 
CH, Hbond CH, 
Associated molecules of ethyl alcohol 
The hydrogen atom in CH;-O-CH; is bonded to carbon atom and occurs as methyl ‚ С-Н bond, 
unlike О-Н, соп not form any hydrogen bond. Hence the ether molecules in the liquid state are held together by 
weak Vander Waal's force of attraction which requi be roptured, Hence ether is 


i small temperatu 
oe dee cing cani of al deshalb Higher thon Rare dai eher 


С.Н, >— OH. Asa result, the difference 
between oxygen and in the О-Н bond in C;HjOH a 11 ==0 


becomes less and so Ihe bond becomes less polar. On the Wa NA 

other hand, in formic acid, because of -1 effect of > C = О group, NS VA 

the electro-negativity of oxygen is increased, the difference of O— HO 

eee eint di mah ыы ibant Therefore larger: be supplied 
nd becomes more polor and is able to sell nd 1 energy must i 

to break the stronger bonds of formic acid than those of ethyl alcohol. Hence formic acid boils at higher 

temperature than ethanol. Similarly it may be stated that, both ethyl alcohol and water are hydrogen bonded 


associated molecules, but water boils at a higher temperature than ethanol. 
е Which one is more soluble in water between orth-hydroxy benzaldehyde ond 
benzoldehyde ? Give reasons. [Roorkee Eng. '88] 
Para-hydroxy benzaldehyde is more soluble in water than its ortho-isomer. This is because, in poro isomer 
the -OH group and -CHO group are on the opposite sides to each other. So both -OH group and -CHO 
remain in ће free state ond consequent 
they can easily form inter-moleculor 


oH Irogen woter thus the 
O poro-isomer gels soluble in it. But in ortho 
H isomer-OH and -CHO groups are locked 
E by hofomationofigiro molecular bonds, 
c^ H-bond -OH and -CHO groups are not Iree ond 
i "4 
H 


as such neither of them is able to form inter- 


Сао. Н. molecular! bond with water. Hence 
WERE Ho, адне 


Intra molecular H-bond Inter molecular H-bond Н € HF is more ionic than HCl, but the 
M between H,O ond para Faring сеа DN vl emm 
s hydroxy benzaldehyde Since the difference of electro- 


ties between H and F atom is more 
than that between Н and CI, HF i ionic than HCI (ionic character in HF = 43% while that in HCI = 17%). 
Wis He Nah reen H апе choracher increases, he ease ofthe release of H’ becomes more. Butin aqueous medium 
НЕ a weak acid and HC rong acid бе proton release iy a bo more thon thot of 
HF This is because of the fact that, in aqueous medium of hydrogen fluoride, Н atom is bonded to two atoms 
of F— one by covolet bond ond he other by hydrogen bond (FH === Fl, As Н atom is bonded by two F atoms, 
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H is not released to form H3O* ion. Hence HF in aqueous medium ionises slightly dnd therefore behaves as a 
weak acid. On the otherhand Cl atom being bigger size and comparatively less electro-negative, is unable to form 
such type of species. In aqueous solution, it exists as discrete molecule. As а result, H* ions are easily released from 
HCl and transferred to HO to form H4O* and hence HC] becomes a strong acid. 
HC = н“ + СГ, Н+ CI + НО = H;O* + С 
@ ke floats on water or on melting, the volume of ice decreases— Explain. 
Ice has a tetrahedral structure with large empty space. Each HO molecule in the tetrahedron is joined to 4 
other H;O molecules by inter-molecular H-bonds. Thus, due to the presence of H-bonds, ice possesses an open 
structure with large amount of empty space. Hence the 
Ё Q ` density of ice is less than the density of water. This 
2.76А i 1.80A explains why ісе floats on water, As ice melts, a number 
Н of H-bonds break and H2O molecules start coming 
ЕМ together, ће empty spaces are slowly filled up and 
/ TERS 0.96À density increases progressively. At 4°C the water айз 
/ $ pees come to the closest proximity, as a result of which daly 
a H N becomes maximum af 4°C. When the temperature exceeds 
П josh 4°С, because of closest proximity, the К.Е of the water 
T. i M molecules become maximum and hence they begin to 
oe H 20 disperse. The density thus progressively decreases. This 
ч SE aii explains why on melting of ice the volume of water 
к decreases, Tom O*-4*C and the density of water 
becomes maximum of 4°C. 
ө Blue vitriol crystal requires different temperatures to remove its five water molecules— Explain. 
Blue vitriol, CuSO4, 5H2O on dehydration removes water molecules in steps as follows : 


30°-40°C 100°C 240°C 
CuSO}, SHO TOV. CuSO,, 3H;O To CuSO,, НО "Em CuSO, 


The fifth water molcule is removed at around 250°C. This can be explained by analysing the crystal structure 
of blue vitriol. t 


s ^ 2+ 
me: jue н----—-- о о % 
ol s ai od 
TER: EY n E ча ste нә cv PS 


Four water molecules are associated with Culll) ion by co-ordinate bond. When heat is applied, at 30-40°C, 
two non hydrogen bonded water molecules bonded only by coordinate bond to Cu (Il) ion are removed. At 100°C 
two other water molecules bonded by co-ordinate to Culll) ion and hydrogen bonded to fifth water molecule 
are removed. Since the fifth water molcule is held to the sulphate ion by two hydrogen bonds and is at the same 
time loosely held by other hydrogen bond to two of the co-ordinated water molecules, highest temperature is 
required for its elimination. This water molcule is called anion water. Other salts ZnSO,, 7H2O, FeSO,, 790 
elc. also contain. only one anion waler. 

е Salt like КНЕ, is known, but a salt КНСІ, is not known— Explain why ? 

Due to the stronger electro-negativity and smaller size, fluorine atom in HF con form strong hydrogen bond. 
On the other hand СІ сап not form hydrogen bond due to its comparatively low electro-negativity and bigger 
atomic size. In aqueous solution, HF slightly ionises giving onyono H* ion per molecule. Consequently HF behoves 
asa weak monobasic acid. HF = H*  F-. The fluoride ion thus produced forms hydrogen bond with undissoci- 
ated HF molecule to form bi-fluoride anion (НЕ). 


F + НЕ = (F---H- FF or, (НЕР 
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The bi-fluoride anion combines with K* ion to form the salt KHF2. As Cl atom can not form H-bond so, anion 
like HCl; is not formed. Hence salt КНС, in unknown. 


HF; +H’ — HIF» KOH + HF — КНЕ, + HO 
e Shape of covalent molecule and V.S.E.P.R theory : 


Valency shell electron pair repulsion theory (VSEPR) is very important for chemists to predict the shape or 
geometry of a covalent molecule of non transitional elements. Although it is purely qualitative, the results i.e., 
distortion of molecules due to the presence of lone pair, bond angle and bond distance are striking. The theory 
was proposed by R.S. Nyholm and R. Gillespie. By knowing the steric number of central atom, it is possible to 
predict the shape of the molecule. The electron pairs in the valency shell of an atom will preferably stay at a 
maximum distance apart so that there is minimum repulsion among them and a stable arragement is formed. 
Whenever a lone pair of electron is present in the central atom, their particular arrangement is distorted and 
geometry of the modecule is altered. 

А set of rules were put forward by them to explain the distortion as well as small variation in bond angles and 
bond lengths. : В 
. Rule I: Lone pair of electrons repel the adjacent electron pairs more strongly than do the bonding electron 
. pairs. The forces of repulsion between different electron pairs are in the following order — 
(Lone pair-Lone pair) > (Lone pair-Bond pair) > (Bond pair-bond pair) 
Strongest Weakest 

Explanation : A diagrammatic representation of the spatial distribution of the electron charge cloud of lone 
pair and bond pair shows that the lone pair electrons are under the influence of one nucleus but the bond pair 
electrons are influenced by two positive centres. Hence orbitals of lone pair occupy larger space around the 
positive centre but orbitals of bond pair occupy thinner space symmetrically drawn out between the two positive 
centres. Thus lone pairs of the same centre wi | register а larger repulsion than two bond pairs can do so. 

e Application: Letus examine three molecules e.g., CHa, 
NH; and H;O. The central atoms C, N and O, all are sp? 
hybridised and all are expected to be tetrahedral, But N 
alom in NHs contains 1 lone pair while О atom in НО 
contains 2 lone pairs. Since the lone pair-lone pair repulsion 
is maximum іп ЊО, its bond angle becomes 104.5°С and 
becomes 'V' shaped molecule. NH; having one lone pair 
form pyramidal structure but CH, having no lone paironC, Spatial differences between the orbitals of lone 
is perfectly tetrahedron. In CHa, bond angle H-C-H = pair & bond pair 
109"28', but in NH3 the bond angle H-N-H = 107'3'. 


Lone pair 


H ami LP. Ф sS” 
| A о 
H „= H H H حر‎ H 
H 109°28" H 107.3? Н 104,5? 
Methane Ammonia Water 


Again Cl atom in HClO;, HCIO; and HClO; is in sp? state but while HCIO,, is tetrahedral HClO3is pyramidal 
but HCIO; is У shaped molecule. This is due to the absence of lone pair on Cl atom in HCIO,, presence of one 
lone pair on Cl in HCIO; and two lone pairs on Cl atom in HCIO,. Their shapes are shown below— 


\ B-r. t fh &- LP. 


om iw а коо. = d den 
© 


HCIO; chloric acid НСО, chleious acid 


HCIO, (per chloric acid) (angular) 


(tetrahedral) (pyramidal) 
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Rule2: The lone pair(s) will occupy the equatorial rather than axial position in trigonal bipyramidal structure - 
(T.B.P.) and trans position in octahedral arrangement. к 


x i 25 : 
` X 
/ Rl Ber S] 120° 
X Ze LE 
à à 


Let us consider a molecule with 3 lone pairs and two bond pairs (M—X]. They can be represented by structure 
(1), with one pair in the axial and two lone pairs on the equatorial sites. In structure (2) all the lone pairs occupy 
equatorial sites while in structure (3) two lone pairs occupy ‘axial sites and one lone pair on the equatorial site: 
In Т.В.Р structure, a ligand or a group in an equatorial site has two next nearest neighbours at 90° and two next 
nearest neighbours at 120°. An axial group, on the other hand has three next nearest neighbours at 90° and the 
fourth one at 180°. Since repulsion decreases with increase of distance or with the angle between electron pairs, 
thus, repulsion becomes large at 90° and less at 120° or 180°. Therefore, structures (1) and (3) are less stable in 
comparison to structure (2). Hence lone pairs preferably occupy equatorial position. Similarly lone pairs on trans 
position have minimum repulsion, hence most stable, 

Examples : Хер, is linear. It contaions 3 lone pairs and 2 bond pairs. Steric number of Xe is 5 and Xe is 
in spd state (trigonal bipyramid). Since 3 lone pairs occupy equatorial positions, the structure of XeF is linear. 


ee 
F—*Xe —F 
vs 


X 
m 


Г а а 
= —ғ Ri I а? 
| КЁ omg 
CIF, is T’ shaped ICl is square pyramidal 


i Bule 3: In Trigonal bipyramidal structure (T.B.P), axial bond length is always higher than equatorial bond 
length. р 


The following data will illustrate the validity of the rule. 


Equatorial length (A) 


PCls 2040 
PFs 
SbCls 
BrF3 
CIF, 


Explanation : spd is an example of non-equivalent hybridisation as unlike sp?, sp or sp, different bond 
angles in T.B.P. are observed. A sp'd-hybrid orbital may be looked upon as a combination of sp^ and dp orbitals. 
Now dp orbital means linear arrangement while trigonal (120°) arrangement is explained by sp? hybridisation. 
Now it can be reasonably argued that in T.B.P. the axial bond has more dp character but equatorial bonds have 
sp? character. As the s character of a hybrid orbital increases, the nuclei come closer together and bond legth 
decreases. Therefore equatorial bonds having higher s character are shorter than the axial bonds having no $- 
character or in other words, axial bond length is larger than equatorial bond length in T.B.P. configuration i.e., 
in a valency shell having five electron pairs in which all electrons pairs can not have the same number of nearest 
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neighbours, those pairs with largest number of nearest neighbours will be located ot a greater average dista 
from the nucleus than the other electron pairs. This rule is al: i i : ipyromi Srl: 
*(IFz) where the central atom iedine has aE Medis pop мори АН аа 
Rule 4: Repulsions exerted by bond pairs decrease as the electronegativi 
of the bonded atom increases. x iid ree 
Explanation їп a molecule like AB, where B is an electronegative atom, 
the sigma bonded electron pair is shifted more towards B from A, as a result F 
of which, the orbital is contracted. As the electronegativity of Bincreases, the ` 
bonded electron density is displaced more towards it. Therefore, repulsion 
between ћемо AB bonds in AB, is decreased and their bond angle becomes F 
less. If the electronegativity of B is comparatively less, the o bonded electron F 
density would рар been displaced more towards the central atom A. As a F 
result, the c orbital becomes “fattier” and developing lar: lsion and LOMA 
increasing bond angle. Thus rule 4 discuss about de аке! brem ry Pentogonal Hert 
This rule can only be applied when the central atom of the molecule is same, of IF. Tis in spe rie и 
number of atom із same and the central element contains same number of lone 
pair(s) and similarly hybridised giving rise to identical structure. 
Example: | HO > FÖ | [5s > P то | Yu, > Nr 
104`5° 103°2° 102° 101°5° 100° 107°3° 102° 
Rule 5 : Repulsions between electron pairs in filled shells are greater than those between electron pairs in 
incompletely filled shells. 


Explanation : The orbitals in a filled shell fill all the space around the central atom. Therefore, any attempt 
to reduce an angle between such filled shells will be resisted. Elements of second period (Li to Ne) are completely 
filled by four electron pairs. Therefore, in compounds of B, C, N and О, because of non availability of space, the 
bond angle will not be deviated very greatly from 109"28" by the lone pairs. Оп the other hand elements of 3rd 
period (Na to Аг) contain nine orbitals (one 3s, three 3p and five 3dorbitals). Here if the central element contains 
lone pair(s) it will exert larger repulsive force on the bond pair and as a result of availability of space around the 
central atom, the bond angle will be effectively reduced— far away from ideal bond angle of 109°28'. 

Examples : The bond agle of H2S is 92.2 in contrast to 104,5° in H20. This is because two lone pairs on 5 
atom can exert larger repulsive force on the two bond pairs (i.e., мо S-H bonds) and can alter the bond angle 
toa largerextent. In HzO however, the wo loan pairs on O-atom can not alter the H-O-H bond angle to the same 
extent as the space around O-atom is much less than that of 5 in H2S. . 

Similarly, NH > Ph > As > SbH 

107°3° 93°3° 918 913 

[Note : This rule Һа recently been criticised by several scientists by pointing out that if P in PHs and Sin H2S 
оге assumed to use pure р orbital and lone pair occupies pure 3s orbital without utilising sp” hybrid orbital, 
then bond angle can be easily exploined.] 


e Questions e 


1. What do you mean by volency of an element How can you explain valency in terms of electronic 
approach? Discuss the electronic theory of valency on the basis of the following molecules : 
(a) NO, (b) ЊО, (c) МНС, (d) NaCl, (e) HCI (f) СН», (9) [eu 
2. Define electro-valency and covalency. Distinguish between ionic bond and covalent bond. 
[WBJEE “88, WBHS 83] 
3. (a)Enumerate the salient feature of polar bond. Write down the electron dot structures of ammonia and 
hydrogen sulphide. 


(b)Write the electronic configurations of Cu ond neon. Write the electronic cafiguration of a cation and 
anion iso-electronic with neon. y [WBJEE ES 
4. (a) All molecules with polar bonds may not have dipole maments— Explain. [WBHS '96] 


(b) Indicate nature of bonds in H20, MgaNz, СО, HCl(gas). [WBHS '96] 
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5. Answer briefly : 
(a) State the electrovalency of Na, К, F, Al, S, Вг and Kr. 
(b) Mention the nature of bond in (i) CO», (ii) MgCl, (ii) NHC, (iv) C2H4, (v) POCI3, (vi) HF, 
(vii) H2O», (viii) NaH. 
6. (a) Why are the noble gases inert 2 
(b) The atomic numbers of Na and К are 11 and 19 respectively. On the basis of their electronic 
configuration answer the following— 
(i) Why аге the properties of Na and K similar? (ii) What is the valency of each element and what type of 
compounds do they form and why 2 (iii) Are their compounds conductor of electricity ? 
7. State whether the following statements are true or false : [WBHS '78) 
(i) Both NaCl and НСІ are covalent. 
*(ii) The hetero-nuclear diatomic molecule AB is polar. 
(iii) Only electrovalent compounds can conduct electricity, covalent compounds can not do so. 
(iv) The elements of gr IA and group VII B are most active. 
(v) Covalent compounds are more volatile and less soluble in water than ionic compounds. 
(Vi) Covalent compounds are non polar. 
(vii) A a bond arises by the coaxial overlap of two p orbitals. ПАТ. ^89] ` 
(viii) ır bond diminishes the bond distance between two atoms. 
(ix) A bond is stronger than o o bond. 
(х) All polar bonds possess dipole moment. (LT. 85] 
(xi) The bond angle H-N-H in NH; is larger than H-As-H bond angle in AsH3. (МТ. *84] 
(xii) The presence of polar bond in a polynuclear molecule indicates that the molecule has dipole moment. 
ПАТ. 90] | 


(xiii) HBr is stronger acid than HI due to the presence of H bond. [L.LT. 93] 
(xiv) The dipole moment of CHF is more than that of CHCl. ПАТ. *93] 
(ху) НО is a linear molecule. М.Т. 93] 
(xvi) The boiling point of propanoic acid is less than that of n-butyl alcohol, ап alcohal of comparable 
molecular mass. ЫТ. '91] 
(xvii), sp? hybrid orbitals have equal s and p character. ЫТ. '87] 
(xviii) The bond order of NO is 2:5 and that of CO in 3. 
(xix) B2 and С; molcules are paramagnetic. [Roorki '95] 


(xx) Axial bond length in Т.В.Р. structure is less than that of equatorial bond length. 

8. An atom of an element contains 8 protons. What is its valency ? State the type of bond it will form with 
another element of atomic number 12 ? 

9. Answer the following questions : 

(i) The molcule Cl» is stable but diatomic Nez molcule does not form. [WBJEE '93] 

(ii) HCl is a gas, does not conduct electric current in liquid state but its aqueous solution conducts electric 
current. 

(iii) Na and H both are electro-positive elements. But Cl reacts with Na to form ionic compound but Cl reacts 
with H:to form covalent compound, 


(iv) Name one compound which contains both ionic and covalent bond. [WBHS '93] 
(v) Explain the type of bond in CaO, HS, FeS, NH4CI. IWBHS '93] 
(vi) Name one electron deficient molcule. [WBJEE '92] 


(vii) Which of the following has the highest boiling points ? Ho, He, Ne, Xe, CHa: [WBJEE '96] 
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(viii) Which of the following compounds are dipolar ? 


(a) BF3, (b) NHs, (c) HS, (d) CO». [WBHS '96] 
(ix) Give examples of two types of hydrogen bond. [WBHS '87] 
(x) Chloroform is polar but carbon tetrachloride is not— Explain why ? [WBJEE “90] 
(xi) Write the electron dot structure of ozone. [WBJEE '92] 


(xii) № can form only NCl; but phosphorus can form both tri and penta chloride— Why è  [WBJEE "92] 
10. Account for the polarity of a covalent bond. What are the characteristics of a polar covalent bond ? 
Explain which of the following compounds are polar and why ? 
NaCl, NH3, СС, BCl;, CHCl. 
11. (a) The dipole moment HBr is 2°60 x 10730 coulomb metre. The inter-ionic distance between H* and Br 
is 141 A. Calculate the percentage of ionic character in HBr. [Ans. : 11:58] 
(b) The dipole moment value of HF molcule is 2°00 D. The HF bond distance is 0°92 À. Calculate the 
percentage of ionic character in H-F bond. [WBJEE '96] [ Ans. : 44% ] 
(c) The dipole moment of LiF is 667 D at the internuclear distance of 1:52 А. Calculate the percentage of 
ionic character. [Ans. : 9140€] 
12. Answer the following questions : 
li) Both Na and Н occurs in group IA of the periodic table, yet the melting point of NaCl is 800°C but that 
of HCl = -114°C— why ? 
(i) HF can show hydrogen bond but HBr does not — Explain. 
(iii) NaCl is soluble in water but not in benzene — Why ? [WBHS '96] 
(iv) Although both oxygen and sulphur are in the same group of the periodic table, the hydride of oxygen 
(H20) is a liquid but the hydride of sulphur (Н25) is a gas at ordinary temperature— Explain. 
[WBHS '96 ; WBJEE ‘83, ‘88, '95] 
(v) The boiling point of HCl is less than that of HF and boiling point of NH; is more than that of PH;—Explain. 
[WBHS '96 ; WBHS ^88] 
(м) Both LiH and HCI are soluble in water. Are both the compounds ignic ? 
vii) NaCl is a solid non-volatile compound but HCl is a volatile gas-— Explain why ? [WBJEE '83] 
viii) Co-ordinate bond is a special type of covalent bond— Explain. 
(ix) Why does molten sodium chloride conduct electric current but liquid CCl, can not do so ? 
(x) Both water and carbon dioxide are triatomic but while water possesses dipole moment carbon-dioxide 
does not have any diplole moment— Explain why ? [WBJEE ‘84, I.1.T. '87] 
(xi) Alcohols with lower molecular weights are soluble in water but those of higher molecular weights are 
insoluble— Explain. 
xii) Which one is polar between Nz and HO and why ? 
xiii) Arrange the halogen acids in the order of increasing boiling point. [WBJEE '83] 
xiv) Which one is stronger acid between HF and HCl and why # 
xv] Glucose, Sugar are highly soluble in water although they are covalent molecules— Explain. 
xvi) Which one is stronger electrovalent bond between Na* and СЇ or K* fed s ei ? Sg 
Distinguish between (i) Hybrid orbital and atomic orbital, (ii) Atomic orbital and molecular orbital. T. n 
be vs b dus what will be the volue of magnetic moment ? {Hints : p= Vn (n+ 21] 
“14. Calculate the bond order of the following : Вз, Cz, Nea, NO, CO, Fz, Оз, OF ond МО'. А 
15. What is hydrogen bond 2 How does this bond arise € Which of the following compounds confain 
hydrogen bonds ? HS, NHs, НО, HF, CHCl, СЊСООН. [WBHS “88] 
16. How does difference of electro-negativities influence the type of a covalent bond ? What is the 
percentage of ionic character in HF if the electro-negativity of H = 2`1 and F = 4'0? 


‚17. Explain co-ordinate bond with example. Distinguish between а covalent bond and co-ordinate bond. 


r г PENSE IF so why ? 
Do you ble hol a соопто bond па spacial ype fee Pond aret ^82, WBHS '90, I.Sc. 4] 


CH-II/19 


290 ELEMENTS OF CHEMISTRY 


18. Write the Lewis electron dot structures of the following : XeF2, NO, МО», SOz, SOs, SO}, NO3, 
HiP2O7, KCrO,, KMnO,, CrO2Ch, POC, SFe, CO}, POF, HPO, XeOF,, СОС, CO, HClO,, HClO;, 
HCIO3, КСО, CS2, H202, Оз. 

19. Discuss the nature of the bonds in the products obtained in the following reactions : 

(i) Reaction between Na and CI, (ii) Reaction between iron and sulphur, (iii) Reaction between carbon and 
oxygen, (iv) Reaction between nitrogen and hydrogen, (у) Reaction between calcium and oxygen, (vi) Reaction 
between hydrogen and sulphur. 

20. (a) What type of bond is present in NH; and NH? Discuss their characteristics.  [WBHS ‘80, ‘88] 

(b) In thelightof electronic theory of valency explain, (i) Neon is inert but calcium is divalent, (ii) Ammonium 
chloride contains all types of valency. 

21. Explain Why ? 


(i) Among НСІ, НО and NH;— water has highest and НСІ has lowest boilig point. ШАТ. '77] 
(ii) Chlorine is stronger oxidant than bromine. [WBJEE '80] 
(iii) Non-polar solutes are soluble in non-polar solvents but are insoluble in polar solvents. [WBJEE '86] 
(iv) Both СО; and N20 are linear but while СО; is non-polar, N;O is polar. [WBJEE '82] 


(у) Sodium chloride is a high melting solid which conducts electric current but CCl, is volatile liquid which 
is non-conductor. F 

(vi) Among СО; and SO; the former has no dipole moment but letter has. [WBHS 93, WBJEE '91] 

(vii) Ethyl alcohol is soluble in water but methyl chloride is not. 

(viii) NH4OH is a very weak base. 

(ix) ССІ, is non polar but CHCl is polar. 

(x) AICI; is more covalent than AlF;. 

(xi). The melting point of AgCl is less than KCI. 


(xii) [CuCl,] - ion exists but ion like [Си] ~ does not exist. [L.L.T. 93] 
(xiii), NO is a paramagnetic molecule but becomes diamagnetic in the liquid state. (LT. '91] 
(ху) Nature of bondings in LiF and Lil are different. ЛТ. '96] 


(xv) Although both М and O are in sp? state, the bond angles in NH; and H;O are much less hen ا‎ 
1.1.7. '87] 


(xvi) МӘС, is linear but SnCl is angular. 

(xvii) The solubility of NaCl in water is more than that of NH.Cl. 

(xviii) The density of ice is less than that of water. [WBIEE '89] 

(xix) When 30 ml. of ethanol is mixed with 30 ml. of water, the total volume becomes less than 60 ml. 

[Hints : The strength of H-bond among alcohol molecules is weaker than that between alcohol and water. 
Hence due to strong inter molecular hydrogen bond the alcohol and water molecules come closer together. Hence 
is the contraction of volume.] 

(хх) МН; is soluble in water but РН is not. Р [WBJEE '91] 

(xxi) Chloroform is stronger acid than fluoroform. [M.L.N.R. '94] 

(xxii) НСІ is acidic in aqueous medium but not in benzene. 

(xxiii) Both N and Cl has same electro-negativity but while N can form H-bond Cl can not, [M.L.N.R. '86] 

(xxiv) SiF, is non polar although each Si-F bond is highly polar. i І 

(xxv) SiCl, is readily hydrolysed but CCl, does not. 

(xxvi) Ethyl alcohol boils at a higher temperature than dimethyl ether. [WBHS “82, '87, '89] 

(xxvii) No true bond is present in ionic compounds. 

(xxviii) AICI; can form dimer but BF; can not. 

xxix) Although ethyl alcohol and formic acid have same mol. wt. yet their boiling points widely vary. 

[WBHS ‘85, '90] 

(xxx) PCls has T.B.P. shape but ЇР; has P.B.P state. 

22.. State two rules for writing canonical structures. Distinguish between resonance and tautomerism. Write 
the resonating structures of (i) Os, (ii) CO3, (iii) CH» = CH Br, (iv) СО, (у) NO. 
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23. Оп the basis of electronic theory of valency, explain the nature of bond, ionic or covalent in the following 


compounds : 
KO, CLO,, CCl, Мау“, Nol, CH, CHCI, SnCl, NH;. 

24. The atomic numbers of four elements A, B, C ond D are 6, 9, 10 and 11 respectively. 

(i) Write electronic configuration of each element. (ii) Indicate their position in the periodic table, (iii) Which 
one is strongest oxidising agent and which one strongest reduci еп! and why? (iv) What type of bond will 
be formed between A and D, B and D? (v) State the valency of jan. lement. (vi) State the characteristics of each 
oxide and their reactions with water. 

25. "A hetero-nuclear diatamic molecule is always polar’—Explain the statement with two examples. 

[WBJEE '91] 

26. A metal has a tendency to form co-ordinate bond. Give on example of a compound having such type 
of bond. [WBJEE '85] 
27. Explain why all transitional metal-ions are paramagnetic and acts as Lewis acid, 

28, (a) What type of bonds are present in the followings : KO, СО, HCl (gas) 


(b) Which are polar and non polar in the following : SO,, CO,, N,O, ond H,O. - [WBHS '85] 
(с) Arrange the following in the order of increasing polarity, (B-Cl), (Bo-Cl), (Br-Cl), (Cl-Cl]. 
[WBJEE '85] 
(d) Which of the following are dipolor—BF,, NH, HS and CO,. [WBJEE '92] 
(e) Which is the least covalent among—SnCL,, SnCl,, SnF., SnF,, and SiCI,. [WBJEE '92] 
(f) Which one is most acidic among the following oxides—Al,O,, SO;, SO, P.O; and CO. [WBJEE '92] 
(g) Which is most electro-negative among—H, C, Si, O, Cl and N. [М/ВЈЕЕ '92] 
(h) Explain whether the following will form solution, [WBJEE '90] 
(a) Methane and water, (b) Hydrogen chloride and water. 
29. Draw the structure of P,O,, and identify the number of single and double bonds. (11.7. 96] 
30. Which of the following are covalent and why? 
NaH, СО, KO, Н, [WBJEE '97] 
31. A compound of vanadium hos a magnetic moment of 1.73 B. M. Work out the electronic configusation 
of the vanadium ion in the compound. ILLT 97) 


e Objective type Questions : 
1l. Give the correct answer (s) 
(i) Linear molecules are (a) SnCl; (Ы) NCO”, (с) CS2, (d) МО, (e SO». [Ans. (b), (e), and (d)) [L.LT. 91] 
(ii) Pyramidal molecule is (a) PCl, (b) SO: (c) СОЗ”, (d) NOs". [Ans. (a)] (М.Т. 89] 
(iii) The strongest hydrogen bond is found in (а) О-Н =: S, (b) S-H ++ О, (c) F-H =F, (d) F-H +O. 
[Ans ЛИТ. '86] 
(iv) Dipole moment is found in (a) 1, A-dichloro benzene, (b) Cis-dichloro ethene, (c) Trans 1, 2-dichloro 
ethene, (d) Trans 1,2-dichloro pentene. [Ans. (b) and (d)] (1.1.1. '86] 
(v) The molecule with zero dipole moment is (а) CH;Cl;, (b) BF;, (c) NFs, (d)ClO; [Ans. (b)] [1.1.7 *86] 
м) The molecule with zero dipole moment is (a) NH, (b) CHCl, (c) H20. Id) С Clu. 
[Ans. (д [M.LN.R. '91] 


(vii) Maximum hydrogen bond is observed in (a) Ethanol, (b) Diethyl ether, (с) Ethyl chloride, (d) Diethyl amine. 
(Ans. (a)], ЇМ.Т, 87] 


viii) The molecule in which C is in sp? stote is (o) HCOOH, (b) (NH; CO, (d (CH COH, (d) CH; CHO. 
[Ans (c)] (ЫТ. 89] 


(ix) The molecule which contains one unpaired electron—(o) NO, (b) CO, (c) CN’, (d) Оз. 


[Ans (a)] МТ. *85] 
x) Maximum number of H-bond which a molecule of water сап forma) 1, (b) 2, (c) 3, (d) 4. 
[Ans (JJ [L.LT. '89] 
(xi) Which one is soluble in water (a) CS», (b) СНОН, (c) CCl,, (d) СНС)», [Ans. (6) [1.1.T. '80] 
xii) Which of the following statement is correct for CsBry— (LL. 96]. 


{a)Itiso covalent compound, (b) Itcontains Cs?* and Br ion, (с) If contains Cs’ ond Br; ion, (d) Itcontoins 
Cs*, Br and lattice Br; molecule. [Ans. (c)] 
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(xiii) The number and type of bonds between two carbon atoms in CaC> are, = ILLT. '96] 

(а) One c and one л bond, (b) One c and мо л bonds, (c) One сапа one and half z bond, 

(d) One c bond. [Ans. (ЫЈ 

(xiv) Which one of the following molecules is planer ? ILLT. 96] 

(а) NF; {b} NCl, (e) PH,  (d)BF, 5 [Ans. (d)] 

(xv) Which one in the following molecule has maximum bond angle $ (1.7. 81] 

(а) НО, (b) SO}  (c)NH,  (d) CHu. lAns. (d)] 

(xvi) C-C bond distance is maximum in— ПЛ. 81] 

` (о) Ethane, (Ы) Ethyne,  (c)Benzene, (9) Ethene. [Ans. (a)] 

(xvii) Which one is linear among— (LT. “82, '88] 

(a) СО, (ЫМО»  (dSO, (d) SiO2. [Ans. (a)] 

(xviii) Lone pair is present in the central element of— [M.LN.R. 90] 

(а) CH, (Ы NHs, (c) CCl, (d) HO. j [Ans. (b), (9)/ 

(хіх) Which of the following molecules is isostructural with CO,— ПАТ. '86] 

(a) HgClz, (b) SnCla, (е) Сн, ^ (d)NO». Ап». (а), (c)] 

(хх) Which one of the following contains coordinate bond— [M.L.N.R. ^90] 

(а) МНА, (Ы Васі, (е) HCI, (d) H:O. [Ans. {a)] 

(xxi) Which of the following are iso electronic (i) СНз, (ii) H$O, (iii) NH, (iv) CH3. [LLT. 93] 

(а) іопа її, (Ы ій апд іу,  (c)iandii, (d) ii and iii. [Ans. (b), (d)] 

(xxii) Which one of the following molecule is most para magnetic ? (А.Т. '93] 

(а)[с{но]*, (Ы) [ғәынго)]", (o [CulHO)«]*, — (dM [zt OR". [Ans. (b]] 

(xxiii) Which one of the following molecule contains both ionic and covalent bonds— [M.L.N.R. '90] 

(а) CCl,  (b)CaCh, (c) NHCl, (d) HO. [Ans. (с)] 
(xxiv) The ion iso electronic with CO is— . Гил. 82] ` 

(o)CN, (О (О, (d) N3. [Ans. (а)] 

(xxv) There is no S-S bond in— ТИЛ, 91] 

(9) 507, (6:50, (e) SOF, (9) 50. [Ans. (d)] 

(xxvi) The enolic form of acetone contains— ПАТ. 91] 


(о) 9o bonds, 1л bond and 2 lone pairs, 
(b) 9c bonds, 2л bonds and 2 lone pairs, 
(с) 100 bonds, 17 bond and 1 lone pair, 


(d) 96 bonds, 2л bonds and 1 lone pair. Ап. (a)] 
(xxvii) The hybridisation of carbon atoms in C-C single bond of H-C = C-CH = CH; ТАТ. 91] 
lo)sp?-sp,  (b)sp-sp?,  (c)sp-sp', (9) sp™-sp. [Ans. (с)] 
(xxviii) Which of the follwing have identical bond order— [L.LT. '92] 
lal CN, (ЫО, (МО,  (d)CN* [Ans. (а), (с)] 
(xxix) Among ће following species, identify ће iso-structural pairs— ГАЛ. 96] 


Nf, NOs, BF HO", HN; 
(a) [NF;, NO3] and [BF;, НО (Ы [NFa, HN] and [NO5, BF;] 


(e) [NFs, HO*] and [МО5, BF;] (d) [NF;, H3O*] and [HNs, BF;] [Ans. (с]] 
(ххх) Which contains both polar and non polar bonds— 
(al NACI — (b)]HCN (уно, (дсн, ILLT. “97, Ans. (a]] 
(хххі) Which one of the following compounds has sp? hybridisation— 
(a) CO, (b)SO, . .(NO (Со [LLT. “97, Ans. (b]] 
(хжхії) Which of the following compounds is expected to be coloured— 
(a) Ag,SO, (b) CuF, (с) MgF,  (d)cuci ILLT. "97, Ans. (b)] 


(xxxiii) Among the following, the compound that is both paramagnetic and coloured is— 
(a) K,Cr,O, (b) (NHJ), (TIC) (d VOSO, = (d) КСМ) ILLT. 97, Ans. (c]] 
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€ Introduction. 

All chemical processes such as combustion, solvation, neutralisation elc., are always associated with a 
corresponding changeofenergy. The science of thermo-chemistry deals with these energy changes accompanying 
both physical and chemical transformations. It further deals with the quantitative conversion of chemical energy 
into heat energy and vice-versa. Chemical equations indicating the physical state of the reactants and products 
as well as the amount of heat evolved or absorbed are known as thermo-chemical equation. 

e Energy units : The unit of heat energy is either calorie or Joule. 

1 calorie is defined as the quantity of heat required to raise the temperature of one gram of water by 1°C. 
Т calorie = 4°184 Joule 
1 kcal = 4184 kJ 

Calorific value is defined as the energy released when unit mass of the fuel is burnt. It actually denotes 
energy content of a fuel 

e Exothermic and Endothermic changes : Any chemical reaction which is accompanied by the evolution of 
heat is known as exothermic reaction and the compound formed as a result of such reaction is called an exothermic 
compound ( Exo" means “out” ‘thermic’ means heat). Thus during the burning of carbon in air or in the synthesis 
of NH; from М; and Hz, heat is evolved. These are examples of exothermic reactions and the two compounds CO; 
and NH; are exothermic compounds. 

C(s) + Olg) = COAg) + 97 kcal 
№9) + 399) == 2NH3(g) + 224 k cal 

Since 97 К cal of heat is evolved in the formation of one mole of CO; from 1 gm atom of carbon and 1 mole 
of O,, it is evident that 97 k cal of heat is evolved due to the release of energy from the reactants. Consequently 
СО, contains less energy than the reactants. Thus in an exothermic reaction the heat of the reaction or enthalpy 
of the products will be less than those of the reactants. : 

Endothermic reaction : Any chemical reaction which is accompanied by the absorption of heat is known as 
endothermic reaction and the compound formed as a result of such reaction is called an endothermic compound 
("Endo" means “in”, ‘thermic’ means "heat”). 

The following are some of the examples of endothermic reaction. 

С(з) + 25(5) = CSA!) - 28 k cal 
№9) + Og) = 2NOg)-43'2k cal 
3049) = 203(g)-69 k ecl 

Since 43:2 k cal of heat is absorbed during the formation of two moles of NO from 1 mole of Nz and 1 mole 
of O», it is evident that 43°2 К cal of heat is absorbed which flow into the system from the surrounding. 
Consequently, the product NO contains more energy than the reactants. In an endothermic reaction the internal 
energy (enthalpy) of the products will besgreater than those of the reactants. 

As the exothermic compounds contain less energy than its constituent elements it is more stable (less reactive) 
thon endothermic compounds. On the otherhand, an endothermic compound contains more energy than its 
constituent elements and so it is less stable i.e., more reactive and is easily decomposed. 

Again it must be remembered that for a particular change, if the forward reaction is exothermic then the 
corresponding backward reaction is endothermic. For example, the reaction— 

на) + V;/OXg) —> Н:О(!) 
is exothermic and 285'9 kJ mole" of heat is evolved. Hence in the decomposition Н;О( 1) this amount of heat per 
mole is required and the process becomes endothermic. 
Hag) + 1/2049) = НО) + 2859 kJ mole? 
ЊОЛ = Hag) + 0.049] - 285'9 0 mole? 

It can be stated in general, that if heat is evolved in the formation of a compound or bond from simple 
substances then some amountof heat must be absorbed for the formation of simple substances from that compound 
or breaking the bond or in other words if A +В > C+Q cal, then C+Qcal 4 A+B. 


or, C э A+B-Qeal. 
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In writing exothermic and endothermic reactions or any thermo-chemical equation two notations are 


commonly used. Heat evolved or absorbed as either +q or —q respectively or in terms of change of heat of 


activated state 


Energy activated state 


reactants 


Exothermic reaction Endothermic reaction 


Fig. 7.1 : 


reaction or enthalpy (AH). For exothermic reaction AH is negative and for endothermic reaction AH is positive. 
For exothermic reaction— No + ЗН, = 2NH3 + 22'4 k cal ог, № + 3H; = 2NH3 AH» -22 4 kcal 


For endothermic reaction— № + Оз =2NO -43'2kcal ог, № + О; = 2NO AH=+43'2kcal 
€ Difference between Exothermic and Endothermic reaction : 
Exothermic 

1... Enthalpy i.e., heat of reaction of the products is 
less than that of the reactants Hp < Hr. 

2, Products are more stable than the reactants. 

3. Heat is evolved during the reaction. 

4. AH is negative. 


5. An exothermic reversible reaction should be 
preferably conducted at low temperature for favourable 
yield of the products. 


7.1. Enthalpy or heat content. 
Enthalpy or heat content (H) is a thermodynamic function which is defined as the sum of 
internal energy of a system (E) and pressure volume work (PV). 
Н = Е+РУ zu S 
Where P and V are the pressure and volume of the system. H is a state function as both E | 
and РУ are also function of the state, does not depend upon the path. 


Endothermic 
1. Enthalpy or the heat of the reaction of the 
products is greater than that of the reactants Hp > Hr. 
2. Reactants are more stable than the products. 
3. Heat is absorbed during the reaction. 
4. AHis positive. 
5. An endothermic reversible reaction should be 


subjected to high temperature so as to get favourable 
yield of the products, 


Differentiating (1) dH =dE +PdV + VdP 
When pressure is constant, dP=0, or, dH = dE +PdV 
or, dH, = dE, 4 PdV, O) 


From first law of thermodynamics if q be the heat added to a system then, 
q = AE*W ДЕ = Increase of internal energy, И = External work done by the system. 


q = dE* PV \ 
At copstant pressure, q = dE, + Рау; m (3) 
From (2) and (3) we get, dH, = qp j 


Hence at constant pressure dH represents the heat absorbed by a system in going from initial | 
to final state, provided the only work done by the system is PV work. 


If Н, is the heat content of the initial state and H; be that in the final state, 
AH = H,-H, or, AH = (E; + P;V;) - (E; + P,Vj) 
or, AH = (E;— Ej) + (PV; - РМ) = AE + (Р, - P, V) se (4) 
At constant pressure, AH = AE + P (V; — Vj) or, AH = AE + PAV wres) 
For solids and liquids at constant pressure, P;V; = P,V;, Hence, AH = AE Sas s 0) 
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But for gaseous reaction P;V; Ф P,V, i.e., APV is quite appreciable, 
Let us consider a gaseous reaction: OA + ВВ — yC+6D 
For the products PV; = (y+ б). RT. and for the reactants РУ, = (+ B) RT 
ог, APV = PV; P,V; = (y 8) RT = (о + B) RT 
=[(y+ ð= (0+ 81 RT=An КТ — [Anz Qr 9) - (0+ P) 
+. AH =АЕ+ An RT 
Again if a gaseous reaction is carried out at constant volume or constant pressure then heat 
changes (q) is given by— 


At constant volume : q, =E; -E, = AE 
At constant pressure : q =H, +H, =AH 126. (7) 
qp = 4+ AnRT or, AH, = AH, + AnRT. [where AE = AH,] wes (8) 


€ Significance of Enthalpy : 
(Т) AH is a state function and not path function. It does not depend on haw a change is affected. 
AH = X Husa ~ 2 Hoc 

(2) If Horcdues > У, Hass, the AH is positive, the reaction is endothermicand the products are less stable 
than the reactants. 

(3) ЕУ Не > У; На then AH is negative. The process is exothermic and the products are more stable 
than the reactants, 

(4) When SH „ыша = ZH озь, or АН = O there will be no thermal change. 

(5) The enthalpy of reaction at constant volume АН, is defined as the increase of total internal energy of a 
process atconstant volume and temperature. Similarly enthalpy of reaction at constant pressure AHpis the increase 
of total enthalpy of a process at constant pressure and.temperature. 

7.2. Standard states. 

Enthalpy of reaction or heat of reactiondepends upon various factors e.g., volume, pressure, 
temperature, allotropic forms and physical states of the reactants and products. Hence 
experimental enthalpy values must be reported under standard conditions. The conventional 
standard states are as follows— 

(i) The standard temperature is 25°C or 298 K. 

(ii) The pressure is 1 atmosphere. 

(iii) The enthalpy change for the formation of any element in its standard states is assumed 
to be zero. 

When the reactants and the products are in their standard states, the molar enthalpy is 
called standard enthalpy of reaction or standard heat of reaction and is represented by AH? 

or, AH? = AH (298 К, 1 atmos). Knowing standard enthalpy values of elements, itis possible 
to find the enthalpy value at any temperature from the following equation. 

AH? = C;dT (C,°=molar specific heat at constant pressure) 


Integrating the above we get, т T 
Ган = [суат 
298 298 T 


АН? — AH» = J сат 
298 


T 
АН? = AH + | Cp?dT 
298 
The above equation in valid for both elements and compounds. (for elements AH? = 0) 
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7.3. Laws of thermo-chemistry. 

Based on the first law of thermodynamics, two thermo chemical laws are known. ; 

(i) Lavoisier and Laplace's law : The first law of thermo-chemistry known as Lavoisier 
and Laplace's law states— ‘The quantity of heat required to decompose a compound into its 
elements, is equal to the heat evolved-when that compound is formed from its elements’. 


A close study of the law indicates that the heat of decomposition of a compound їз numeri- 
cally equal to its heat offormation but. ofopposite sign. Thus all thermo-chemical equations can 
be reversed, the sign of the heat term is changed but the numerical magnitude remains constant. 

Thus if, CO(g) + /, Ox(g) = COX(g) AH =- 67'6 k cal 

then, COx(9) = CO(g) + /, Oxg) AH = + 67°6 k cal 

(ii) Hess’s law of constant heat summation : The second law states that, for a given mass 
of reactants, the heat change ina given reaction, depends only upon the initial and final states 
of the system and is independent of the path i.e., the total heat change in a chemical reaction 
is the same whether it takes place in one step or several Steps. 


Let us consider the following sets of reactions— 


A an D 


AH, AH; 


B— و‎ 
АН, С 


(i) The total heat change from А — D is AH 
(ii) The heat change from A >B is AH, 
(iii) The heat change from B > С is AH; 
(iv) The heat change from C > D is АНЬ 
According to Hess's Law AH = AH, + AH; + AH; 
Thus, total enthalpy of reaction in, one step, is equal to the sum of heat changes in multistep 
process, provided heat is the only form of energy absorbed or evolved. 
€ Experimental proof : à 
Carbon is burnt in excess oxygen to form carbon dioxide : 
C(s) + Og) > CO») AH = — 94 К cal mole"! 
Alternatively, the above reaction may be carried out in two Stages : 
(D Сз) +1006) — CO(g) AH,--26kcal mole 
(ID | CO(g) + 0x9) — СО) AH» =- 68 kcal mole"! 
Thus, AH, + AH, = AH 
or, —26 + (-68) = — 94 k cal mole! 
This means that 94 k cal of heat is evolved per mole of CO; whether it is formed directly 
from carbon and excess oxygen or in two steps as shown by (I) and (II). 
€ Applications of Hess’s law of constant heat summation : 


(1) Calculation of lattice energy of an ionic solid using Born Haber cycle is based upon the 
principle of Hess's law. 


(2) Itcan be used to calculate bond energies, enthalpies of inter transformation of allotropes 
of elements and heat of formation of many compounds which are indirectly formed. 
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7.4. Types of heat of reactions. 
As already stated, all chemical reactions are accompanied by either evolution or absorp- 
tion of heat. 


The heat of reaction is defined as the change of heat (i.e., change in enthalpy), whenever 
a reaction takes place among the reactants denoted by the equation. 


But the term heat of reaction is very wide and varied. Hence heat of reaction is redefined 
and renamed according to the type of reaction. We shall now discuss them individually. 
e Heat of combustion or Enthalpy of combustion. 


Heat of combustion is defined as the amount of heat liberated when 1 mole of the substance 
is completely burnt in air or oxygen, or it is the enthalpy change which is associated with the 
complete combustion of 1 mole of the substance. 


Thus CH,(g) + 202(g) = СО) + 2Н›О(1) AH =—212°798 К cal 
C(s) + Ox(g) = COx(g) AH =—94'3 k cal 
Thus 213°798 К cal of heat are evolved when 1 mole i.e., 16 р of CH, is completely burnt 
in oxygen. 


Heat of combustion data is useful in the determination of heat of formation of organic 
substances where direct measurement by calorimeter is not possible. 


Some values of heats of combustion іп К cal mole” are given below : 


. Compounds 


1. Hydrogen 5. Toluene -9360 
209 6. CHOH -109 
3. Сн, 7. Acelone -4270 
4. Benzene 8. Sucrose 


€ Heat of formation or Enthalpy of formation : 

The heat of formation of a compound is defined as the heat change (i.e., change in enthalpy) 
when I mole of it is formed from its constituent elements under given conditions or, itis the change 
of enthalpy when 1 mole of the compound is formed from its constituent elements directly. 


C (s) + On(g) = СО, (8) АН = -94°3 k cal 
Hence enthalpy of formation or heat of formation of CO; is 94°3 К cal. 
Again 2H,(g) + O(g) = 2H20(D: AH = ~ 136634 k cal 


Heat of formation of HO (J) = Uem = —68`317 k cal mole"! 


There аге a number of compounds which сап not be obtained directly from elements. In 
those cases heat of formationis evaluatéd with the aid of Hess's Law using other experimentally 
determined heats of reactions. 

Example : 

Since methane can not be obtained directly from carbon and hydrogen, its heat of formation 
can be measured from the values of heat of combustion of methane, hydrogen and graphite 
are as follows :— 

(a) CH(g) + 20g) ә CO,(g) + 2H,0(/) AH = -2127798 К cal 


(b) C (graphite) + Og) ээ CO,(g) AH = ~94°052 k cal 
(c) 2Hs(g) + Og) + 2H;O(D AH = -136'634 k cal 
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Adding (b) and (c) we get, 
(d) C (graphite) + 29.8) + 202g) — СО) + 2H;0(D 

AH = [-94'052 + (-136'634)] =- 230686 К cal 

Now reversing (a) we get, 


(е) СО) + 2H,0() > CHa(g) + 2028) АН = 212:798 k cal 
Now adding (d) and (e) we get, 
C (graphite) + 298) > CHa(9) AH =- 17`888 k cal 


Hence heat of formation of methane is —17'888 К cal. 
The values of some heat of formation of some common compounds are given below : 


Heat of formation in k cal / mole : 


HO (1) CHa (g) 


SO: (9) CHa (1) 
СО (9) МО (1) 
СО, (д) HI (g) 

Сн, (9) CH;OH (1) 
Сн, (9) снн (1) 


7.5. Heat of solution or enthalpy of solution. 

It is defined as the enthalpy change or change of heat either evolved or absorbed when one 
mole of the solute is dissolved completely in large amount of the solvent under specified 
conditions of temperature and pressure. Here the volume of solvent must be so large that 
addition of further amount of solvent in the solution will not materially affect the change of heat 
ie., at infinite dilution. If water is used as a solvent then the term ‘aq’ is used to denote the 
equation. 


НСК) +aq - HCl(ag) AH = -17:30 k cal 
KOH(s) +aq > KOH(aq) AH} = -133kcal 
KCI(s) i +aq: э KCl(ag) AH = 144 kcal 
H5SO4(1)*aq > H,SO,(aq) AH = -20'2k cal 


7.6. Heat of neutralisation or enthalpy of neutralisation. 

Heat of neutralisation or enthalpy of neutralisation of an acid by a base is the amount of 
heat evolved when I gm-equivalent of an acid is neutralised by 1 gm-equivalent of a base ina 
dilute aqueous solution. 

It is measured by mixing a solution of an acid and a solution of a base in a calorimeter, a 
device to measure heat evolved or absorbed in а chemical or physical change. Heat of 
neutralisation is primarily a reaction between H* ion of acid and OH ion of base. 4 


+- +- +- 
NaOH(aq)+ HCl(g) = NaCKag) + H,O AH =—57К) 
+ = +- +- 
KOH(aq) + HNOs(ag) = KNO3(aq) + H,O AH = -57kJ 
Writing in ionic form and cancelling the common terms it is found that 57 kJ of heat is 


evolved for the formation of 1 mole of water by the union of 1 gram ion of H* and 1 gram ion 
of ОН. 
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Na‘ + OH" + Н? + СГ = Nat + С + H2O 


H* + ОН = НО AH = -51kJ 
K* + OH- + Ht + NO; = К+ + NO; + HO 
H* + OH = НО AH = -57 KJ. 


Hence it may be concluded that heat of neutralisation of a strong acid by a strong base is 
always constant and the value is -57 KJ or 135 К cal. 

However the heat of neutralisation of a strong acid by a weak base and vice versa or a weak 
acid by a weak base is less than this value. This is because of the fact that, both weak acids and 
weak bases are weak electrolytes, They ionise incompletely in aqueous medium. Since 
neutralisation requires heat change due to the reaction Ht + OH- = H,O, much energy must 
be used up to cause the ionisation of these weakly dissociated acids and bases. This type of heat 
change is known as heat of ionisation. Hence, out of 57 kJ some amount of energy i.e., heat of 
ionisation is used up, and therefore heat of neutralisation of weak acid by weak base must be 
lower than 57 kJ. Weaker the acids or bases, further is the deviation of heat of neutralisation 
value from ideal value of 51 kJ. 


HCN (aq) + NaOH (ag) ээ NaCN (aq) + HO АН z-54kJ 
weak acid 
НСІ (aq) + NH,OH (ag) > NHC! (ag) + HO АН = -515 KJ 
weak base 
CH;COOH (aq) + NH4OH (aq) > CH;COONH,(ag) + HO АН = -49'0 kJ 
weak acid weak base 


7.7. Heat of atomisation or enthalpy of atomisation. 

As already stated, the standard state of an element is the state in which the element exists 
1298 K and | atmosphere pressure. Under these conditions the elements are assigned zero heat 
content or enthalpy. The heat of formation of a compound from its isolated atoms can only be 
obtained by taking into account heat of atomisation. 

The heat of atomisation or enthalpy of atomisation is defined as the amount of heat 
required to convert | gm atom or 1 mole of an element from its normal state at 298 K and 
1 atmosphere pressure into free atoms. Such values are normally obtained from spectroscopic 
measurement. 

Let us calculate heat of formation of methane from its atoms. Given 


G) C (graphite) > C (free atom) AH = 1704 kcal 
(ii) 2H, (9) — 4H (free atom) AH = 206 8k cal 
We know heat of formation of CH, from graphite and hydrogen is:— 
(iii) C (graphite) + 2H, (8) > CH, (8) AH = -1789 kcal 
Adding (i) and (ii) we get, 


(iv) C (graphite) + 2H, (8) > C (free atom) + 4H (free atom) AH = 3772kcal 
(v) C (free atom) + 4H (free atom) > C (graphite) + 2H, (g) AH = -3772 kcal 
Adding (iii) and (v) we get, 

C (free atom) * 4H (free atom) > CH, (g) AH = -395:09 kcal 
Thus, heat of formation of CH, from its free atoms is – 395°09 k cal. 
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A few values of heat of atomisation in k cal is given below— 
Element Atomisation 


Clg) Cig) 
C (graphite) э С (9) 
Hg) Hg) 


%М (д1 №9) 
Vets) tg) 


Chlorine 
Carbon 
Hydrogen 


Nitrogen 


lodine 


€ Bond energy : Bond energy is fined as the average amount of energy per mole, 
requiredsto rupture the particular bond present in the compound in the gaseous state into free 
atoms or radicals also in the gaseous state. 

In case of diatomic molecule it is the energy required to break apart one mole of the 
molecules into free atoms. Itis found experimentally that the total energy required to break four 
bonds in methane is 3534 k cal i.e., СН, (g) — C (g) + 4H (g) AH = 3534 k cal. Hence one 
quarter of the energy required to rupture 1 bond of methane into atomic carbon and hydrogen 
is taken as the bond energy of the C—H bond. 


4 : 
В.Е.с_ну = T = 88°35 k cal. 


Heat of formation of a compound, heat of hydrogenation of an unsaturated compound can 
be evaluated by using the values of the bond energies. Bond energy is a measure of the strength 
of a bond. Higher the bond energy, stronger is the bond and vice-versa. 

@ Numerical Problems : 

1. Calculate А E for the following reaction at 27°C. 

CH, (g) +302(g) ¬» 2С0, (д) + 2H,0 (I) 

Given AH = ~ 337°0 К cal R = 1987 cal deg” mole 


Ans : In the above transformation An = 2 - 4 = — 2 where, An = (No. of moles of gaseous products — No. 
of moles of gaseous reactants). 


We know, AH = AE + An RT 

or, – 337000 cal = AE + (-2) x 1°987 x 300 

or, AE =- 335/8078 k cal. 

2. Calculate the heat of combustion of acetic acid at 25°C if the heat of formation of СН;СООН (/), 
СО, (g) and НО (1) are -116°4, -94'0 and -68°3 k cal mole" respectively. 

Ans: СНСООН (1) + 20, (9) — 2CO;(g) + 290 (1) 

Heat of combustion = [2 x (-68°3) + 21-94'0)] - [-116:4 + 0] = -208 2 k cal mole"! 

[Heat of formation of oxygen is zero i.e., AH of О» = 0] 

*. Heat of combution of acetic acid = —208`2 К cal mole". 

3. Calculate the heat of formation of ethyl acetate from ethyl alcohol and acetic acid. Given heat of 
combustion of ethyl alcohol, acetic acid and ethyl acetate are —34`0 К cal, -21°0 К cal and -55'4 К cal 
respectively. 

Ans : Given heat of combustion : 

(1) C,HsOH (1) + 30 (9) > 2CO2(g)+3H,0 (/) АН = - 34 k cal 
(2) СНСООН (1) + 20, (9) > 2CO,(g)+2H,0(/) АН = - 21 kcal 
(3) CHj;COOCHs (/)+ 50, э 4С0, (9) + 490 (1) АН =. - 554 k cal 


THERMO-CHEMISTRY 301 


Reverse equation 3 and add : 
40, (91 + 490(/) э СЊСОО;Н, (1) + 502(g) АН = + 55A kcal 
p CHCOOH (1)+ CHOH (1) > СЊСООС,Н, () НОП) AH = 0'4 kcal 
„ Hence heat of formation of ethyl acetate is +0°4 k cal. 
4. Calculate the heat of formation of sulphur trioxide from the following data— 
(1) PbO + S +?/, О; —› PbSO, + 165600 cal 
(2) PbO + Н,50,.5Н,0 — PbSO, + 6H,0 + 23300 cal 
(3) SO; + 6H,O — H;50,.5H;O + 41100 cal 
Ans : Adding (2) and (3) we get PhO + SO; — PbSO, AH = 64400 cal 
Substracting (4) from (1) we get, 
5+%, О; > SO; AH = - 101200 cal. 

5. The heat of combustion of n-heptane at constant volume and 25°C is 114893 К cal mole". Calculate 
the heat absorbed at constant pressure. [Pune Board '91] 

Ans : The combustion reaction of n-heptane is— 

СН, (1) + ПО (9)  7СО, (9) + 8H:0 (1) АН = - 1148'93 К cal mole 

Неге Ап= 7 – 11 2-4, R=1°987, Т= 298 

We know if H, and Н, are ће heat absorbed at constant pressure and volume respectively 

. Hy =H, + AnRT = - 1148930 - (1:987 x 4 x 298) 
= - 1151298`5 cal mole! 

6. Calculate the heat of formation of propane from the following data. Bond energies of C-C and С-Н 
are 344 and 415 kJ mole"! respectively. Heat of atomisation of carbon and hydrogen are 716 kJ mole"! and 
433 kJ mole"! respectively. 

Ans : We know, heat of formation = heat of atomisation + bond energy. For propane (C3Hs) the heat of 
atomisation are— 

3C(s) ¬+ 3C(g) АН = 3x 716 = 2148 KJ 
7 4H2(g) > 8Н(д) АН = 4х 433 = 1732 Ы 


H HH 
In propane к-н there are 2 (C-C) and 8 (С-Н) bonds. 
HHH 


Hence bond energies of 2 (C-C) bonds = 2 x -344 = -688 kJ and 8 (С-Н) bonds = 8 x -415 = -3320 IJ. 
. ЗС + 4H; = CsHa 
AH = 2148 + 1732 - 688 - 3320 =- 128 kJ mole 

-. Heat of formation of propane is 128 kJ mole". 

7. The heats of formation of ethane, ethene and benzene from gaseous atoms are 584°6, 4493 
ond 101577 К cal respectively. If the С-Н bond energy is 88°35 k cal, what is the resonance energy of 
benzene ? ў 

Ans : Ethane CH, contains 6 С-Н and 1 C-C bonds 

^. According to the problems we con write 6B.E.c + B.E.c-c = 584:6 k col 

or, В.Е.сс = 584`6- 6x 88°35 = 54/5 kcal 

Hence C-C bond energy is 54`5 К cal 

Ethene C;H, contains 1 (C=C) bond and 4 (С-Н) bonds 

Hence — 4АВ.Есн+В.Ёс„с= 4493 k cal or, 4х 88°35 + B.Ec.c» 4493 kcal 

or, В.Е.с.с= 4493 - 4 x 8835 = 95'9 k cal 

Therefore C = C bond energy is 95°9 k cal. 
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Now benzene i.e., 1,3,5-cyclo hexatriene contains 3 (C=C) bonds, 3 (C-C] single bond and 6 (С-Н) bonds 
or in other words, 


3B.E.c-c + ЗВ.Е.с.с+ 6B.Ecu2 3x 54'5 + 3 x 959 + 6x 88/35 
= 163°5 + 2877 + 5301 = 9813 k cal 
Given heat of formation of benzene from its elements is 10157 k cal 
. Resonance energy = 10157 — 9813 = 344 К cal. 


8. An intimate mixture of ferric oxide, FeO; and aluminium is used as solid fuel in rockets. Calculate the 


fuel value per gram and fuel value per cc of the mixture. Heat of formation and densities are as 
follows— 


Hf (AIO) — 399 k cal/mole, Hf (Fe;O;) = 199 k cal/mole 
Density of FeO; = 5'2 g/cc Density of Al = 277 g/cc ПАТ. '88] 
Ans : The reaction in rocket fuel is represented as follows— 
FeO» (з) + 2Al (s) = Al,Os(s) + 2Fe (s) 

We Know, heat of formation (Hp) of elements is zero. 

. Change of enthalpy AH = НЬ. = НЕ. = 399-199 = 200k cal 
Now total weight of the reactants 
= Atomic mass of Al + Molecular mass of FeO; = 2 x 27 + 2 x 56 + 48 = 214 gram 

*. Total fuel value per gram = EH = 0.9345 k cal/g 


Again 2'7 g of Al will occupy 1 ec .. 54 of Al will occupy = 24 = 20°00 cc 
Similarly Mol. Mass i.e., 160 g of FeO; will occupy i = 30°80 cc 
*. Total volume = 30°80 + 20:00 = 50°80 сс 


Therefore, total fuel value per cc = 2200. = 31937 k cal/cc. 


9. The standard molar enthalpies of formation of cyclohexane(/) and benzene(/) at 25°C are - 156 
and +49 kJ/mole respectively. The standard enthalpy of hydrogenation of cydohexene(/) at 25°C is 
-119 kJ / mole. Use these data to estimate the magnitude of the resonance energy of benzene. [I...T. '96] 


Ans : O + Н; —> 9 AH» - 119 kJ / mole 


cyclohexene cyclohexane 


Hence for 1 double bond (С = C) in a cyclic system 119 kJ / mole of heat will be liberated on hydrogenation. 


Hence for 3 double bonds as in benzene, on complete hydrogenation, the expected heat liberated will 
be AH = 3 x- 119 = - 357 kJ/mole. 


Given Hi Cyclohexane at 25°C =- 156 kJ / mole and H} benzene at 25°C = + 49 kJ / mole 
СУН, (1) +.3H2(g) э СУН: (1) 
Enthalpy of the above reaction = Heat of formation of products — heat of formation of the reactants. 
= [НАС:Н,2)] = [HCH + ЗНАН)] =- 156- 49 +0 or, АН,=- 205 kJ / mole 
(Since heat of formation of element is zero) 
*. Resonance energy of benzene = (Expected heat of hydrogenation — Actual heat of hydrogenation). 
= 357 - 205 = 152 kJ / mole. 
11. An athlete is given 100 g of glucose of energy equivalent to 1560 kJ. He utilised 50% of this gained 


energy in the event. In order to avoid storage of energy і in the body, calculate the weigh of water he would 
need to perspire. The enthalpy of evaporation of water is 44 kJ mole". ТАЛТ. '89] 


Ans : Energy equivalent to 100 g glucose = 1560 kJ. 
Energy consumed = 1 x 1560 = 780 W. 
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Given enthalpy of evaporation of water AH, = 44 kJ / mole 
. Weight of water to be evaporated by 780 kJ of energy 


_ 18x 780 _ 4,5. 
= r = 319099, 


12. A gas mixture of 3°67 litres of ethylene and methane on complete combustion produces 6°11 litres 
of CO; at 25°C. Find the amountof heat evolved on burning one litre of the gas mixture. The heat of combustion 
of ethylene and methane are -1423 and -891 kJ mole" at 25°C. ТИТ. 91) 


Ans : The combustion reactions of ethylene and methane are os follows— 
CHa (91+ 302(g) > 2CO2(g)+2HO(!) ^ CHalg) +20,(9) > СО;(д} + 2H,0(/) 
V lit 2V lit (3:67-V lit (3:67-V) lit 
Applying Gay-Lusaac's Law of gaseous volumes :— 
Total volume of CO; produced = 2V + (3:67 – М litre = V+ 367 litre 
or, 611=\У/+3`67 or, V2 2'44 litre 
^. Volume of ethylene is 2'44 litre and volume of methane = 3°67 - 2:44 = 1°23 litre 
Therefore, volume of ethylene per litre of the mixture = T4 = 0'6648 litre 
and X methane " " " LE E = 073352 litre 
Number of moles of ethylene n = A - aS = 070272 
Heat evolved on combustion of ethylene = 0'0272 x 1423 = 38°70 kJ 


eH ) 1x0:3352 7 
Similarly number of moles of methane = 0082x298 " 09137 


Heat evolved on combustion = 00137 x 891 = 12°20 kJ 
‘. Total heat of combustion = 38'70 12:20 = 50°90 kJ 
12. Determine the enthalpy of the reaction C;H; (9) + Н; (д) — СН, (д) + СН, (9) at 25°C using the 
given enthalpy of combustion values under standard conditions. 
Compound ¬» H;(g) CHilg) CHs(g)  Clgraphite) 
AH^/ kJ mole? — -285'8 -890 -1560'0 -393'5 
The standard enthalpy of formation of CH» (9) is -103°8 kJ / mole. ГАЛТ. *92] 


Ans : The required equation C;Hs (9) + Н;( д) — СН; (9)+ CH, ( д) can be computed by manipulating 
the following equations and considering their enthalpy of combustion values— 


(1) CsHe(g) э 3C(s) + 4Helg) АН = 103'8IJ 

(2) 5H2(g) + 90: (9) > 5н;О(/) АН = 5({-285'8) 0 

(3) 2CO;(g)] + 3H,O[!) > CHslg) + %O2(g) АН = 15600 

(4 CO;(g) + 290(1) > CHalg) + 202(9) AH = 890 kJ 

(5) 3C(s) + 30:(g) э 3CO.(g) АН = 3(-393:5) kJ 

On adding :— . 

СзНь (9) + Нг (9) > СН, (9) + СН, (9) 

AH = 103`8- 5x 285'8 + 1560 + 890-3 х 3935 = - 55.7 kJ mole”. 

13. The heat of combustion of C;H, (9), СН, (9) and Н, (g) are -1409°5 kJ, -1558°3 kJ and 
-285'6 К) respectively. Calculate the heat of hydrogenation of ethylene. [Roorkee '87] 

Ans : The required equation CH, (g] + H2(g) > GHe(g) (АН=?) 

The corresponding heat of combustion of different thermochemical reactions are as follows— 

(1) Сн, (9) + 3O(g) ¬» 2CO:(g) + 2H,0 (1) AH = - 14095 Ы 

(2) Сн, (9) + %O2(g) > 2CO:(g) + 3H0 (I) AH = - 15583 kd 

(3).н (9). + %OQ2(g) ^ HOI!) AH = - 285`6 Ы 
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Now keeping equalion (1) and (3) unchanged and reversing equation (2) and adding we get, 


СН, (9) + 302(g) — 2CO:(g])« 2901) - AH = = 1409 5 W 
2CO2(g)+ 3H20 (I) > CHs(g) + 7,0 (9) АН = + 1558:3 0 
Њ(9) + 10, (9) > ЊО (1) АН = – 285'6 Ы 
Calg) + Њ(9) | — Сн, (9) AH = – 1409'5 + 1558/3 – 285°6 


; or, AH» - 136:8 IJ. 

14. Calculate the resonance energy of NO molecule from the following data. 

Heat of formation of N20 = 82 kJ mole". Bond energy of N=N,N=N,O-O,N=Oin kJ mole" are 946, 
418, 498 and 607 respectively. [Roorkee ’91] 

Ans : Resonance energy is defined as the difference between calculated energy from the bond energy and 
the actual energy. The following two canonical structures of/N;O are known— 

The chemical eq. involving the formation of NO is— 

N=N+%0=0 > N=N=0 

^. АН for NO = [946 + 1/, 498] - [418 + 607] 
= 170 Ыт"! 
Resonance energy of N;O = (calculated АН; – actual ДН; ) = 170 - 82 = 88 kJ mole". 


15. The standard heat of formation of CH, (g), СО, (g) and H:O (д) are -76'2, – 394'8 and. 


~ 2416 kJ mole" respectively. Calculate the amount of heat evolved by burning 1 m? of methane measured 
under normal condition. [Roorkee ’92] 


Ans : The burning or combustion of methane is given by the following equation— 
CHa (9)+ 202(g) > СО, (91+ 290 (g) 
Enthalpy of combustion = Enthalpy of combustion of the products – Enthalpy of combustion of ће reactants 
= [АНсо; + 2AHiyol = [АНен, + 2AHo;] = -394:8 + 2 x (-241°6) - (-762) 
=- 801°8 kJ mole" (Since AH of element in zero). 
Thus 22°4 litres of methane evolves 801:8 kJ of heat 


1 m? of methane evolves = 29.2200. = 35794`65 Ы 
ө Questions ө 
Т. Explain the terms, exothermic and endothermic reaction. Which one of exothermic or endothermic 
compounds are more stable and why ? 


2. When 1 mole of methane is burnt in excess air 890°5 kJ of heat is liberated. Write thermal chemical 
equation for this change. Explain the term heat of combustion. 

3. Explain the following terms : ° 

(a) Heat content or Enthalpy [I.5.C. ’88], (b) Heat of formation, (c) Heat of neutralisation [1.$.C. "83], 
(9) Heat of solution, (е) Heat of reaction, (fFHeat of hydrogenation. j 

4. State Hess's law of constant heat summation and explain its usefulness. Deduce Hess's law on the basis of 
the law of conservation of energy. 


5. What is Bond energy ? How can it be calculated ? Distinguish between bond energy and bond dissociation 
energy. 

6. Explain the following statements : 

(а) The heat of neutralisation of any strong acid and any strong base is nearly same. 

(b) The heat of neutralisation of a weak acid and a weak base is lower than that of a strong acid and strong 

ise. 

(с) If the enthalpy of the products is equal to that of its reactants по heat effect would be observed. 

(d) A positive value of enthalpy of formation means that the compound is less stable than its elements. 

(е) Lattice energy of a crystal can be derived directly by applying Hess's law of constant heat summation. 
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7. Choose the correct answer : 

(a) Heat of neutralisation of strong acid and a strong base is— р ЕЕ, Andhra '89] [Ans. (i)] 
(i) 571 kJ mole", (iij 147 kJ mole", (iii) More than 57°1 kJ mole", (iv) Less than 147 kJ mole 

(Ы For an exothermic reaction— 


(i) AH=0, (ii) AH = positive, (iii) AH = negative, (iv) None of these. [Ans. (iii)] 
(c) Identify the intensive property— 
(i) Enthalpy, (ii) Temperature, (iii) Volume, (iv) Refractive index. [L.L.T. “93] [Ans. II, IV] 


(d) The difference between heat of reaction at constant pressure and constant volume for the reaction 

2C,H, (1) + 150; (9) ¬+ 12CO; (g) + 6Н;О (1) at 25°C in kJ is— 

()-743, (1) + 3°72, (1) – 372, (iv) + 7:43. (А.Т. 91) [Ans. (i)] 
(е) When a certain volume of ећепе is burnt in air 6226 kJ of heat was evolved. Given ће heat of 

combustion of ethene is 1411 kJ. The volume of О, at N.T.P. is— 

(i) 22°4 lit, (11) 448 lit, (ii) 296'5li, (iv) 29°65 lit. [Ans. (iii)] 
If) An exothermic reaction is that in which the reacting substances— 

(i) have more energy than the products, (ii) have less energy than the products, (iii) have as much 


energy as the products, (iv) are at a higher temperature than the products. [CPMT '89] [Ans. (i)] 
(9) The measure of bond dissociation energy is the change in— 
(i) Internal energy, (ii) Enthalpy, (iii) Free energy, (iv) Entropy. [Andhra JEE '91] [Ans. (ii)] 


(h) A person requires 2870 К cal of energy daily. If heat of combustion of cane sugar is 1349 k cal, then 
his daily consumption of sugar in k cal is— 


(i)0'342, (ii) 0'728, (111) 728, (iv) 342. Lipmer '93] [Ans. (iii)] 
li) The enthalpy change for the process С (s) —› С (9) corresponds to the enthalpy of— 
(i) Fusion, (ii) Vaporisation, (iii) Sublimation, (iv) Combustion. [AIMS '88] [Ans. (iii)] 


(К) Heat of neutralisation of NH,OH and HCI is— 
(i) 137 k cal mole”, (ii) >13°7 k cal mole", (iii) <13°7 k cal mole", (iv) Zero. [BHU ’92] [Ans. (iii)] 
(I) The relation between change of enthalpy and internal energy is given by— 
(i) AH AE- AnRT, (ii) AH= ДЕ + АлАТ, (iii) ДЕ = АН + AnRT, (iv) AE AH - AnRT. [Ans. (ii)] 
(m) The following reaction is an endothermic one. The heat change ‘or the reaction Cls) + 25(s) ^ С!) 
is known as— 
(i) Heat of reaction, (ii) Heat of Fusion, (iii) Heat of formation, (iv) Heat of combustion. [Ans. (iii)] 
(п) The difference in AH and AE for the complete combustion of solid carbon at 27°C is— 
(i) Zero, (ii) 2x 300 x -2 cal, (iii) 2x 300 x 2 cal, (iv) 2 x 300 cal. [Ans. {i)] 
(о) According to Hess’s Law of constant heat summation, the thermal effects of a reaction depends upon 
(i) Initial concentration of reactants, (ii) Initial and final condition of the reacting substances, (iii) Final 
condition of the reacting substance, (Iv) None of the above. [Ans. (ii)] 
(р) A process is said to be Isochoric #— 
(i) The pressure of the system remains constant, (ii) The volume of the system remains constant, (iii) The 
temperature remains constant, (iv) All of the above remain constant during each step of the process. [Ans. (ii)] 
(q) Combustion reaction are— 
(i) Always endothermic and heat of combustion depends upon the physical state of the system, 
(ii) Sometimes exothermic and heat of combustion depends upon the physical state of the system, 
(iii) Always endothermic and heat of combustion does not depend upon the physical state of the system, 
(iv) Always exothermic and heat of combustion always depends upon the physical state of the system. 
(Ans. (iv]] 
(r) The dissociation energies of gaseous Hz, Cl; and HCl are 104, 58, and 103 k cal mole respectively. 
The enthalpy of formation of НСІ gas is— 
(i) 22:0 К cal mole”, (ii) -22°0 k cal mole", (iii) -11 kcal mole", (iv) 44°0 k cal mole". [Ans. (ii)] 


СН-Ш20 
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(5) At constant temperature and pressure which one of the following statement is correct for the reaction— 
CO (д) + '/,0,(g) > СО, (9) 
(i) AHp = АНУ, (ii) AHp < АНУ, (iii) AHp > АНУ, (м) AHp is $ independent of the physical state. 
[ANIMS *89] [Ans. (ii)] 
(0) An кезиш reaction is that reaction in which the reacting substances— 
(i) have more energy than products, (ii) have less energy thon products, (iii) have as much energy 
products, (іу) are ot a higher temperature than products. [CPMT '89] Алу | (i 
(у) An endothermic reaction is one in whicl 
(i) Heat is converted into electricity, (ii) Heat is absorbed, (iii) Heat is given out, (iv) Heat is converted into 


mechanical work. [MLNR *86] [Ans. (ii)] 
(v) The calorific value is highest in— 
(i) Protein, (ii) Carbohydrates, (iii) Fats, (iv) Fruits. [BHU “86] (Ans. (iii]] 
(w) One kilo calories i is equal to— 
(i) 1 ЫЛ, (н) 4° 21 Eh. ja 42 x 10" erg, (iv) £ 2 k. Joule. [Ans. (iv)] 


(х) Standard molar enthal| rmation of CO, is те to— 

(a) Zero (b) The beret сү lor ec Of conibusiictt of GUS: carbon (c) The sum of standard molar 

enthalpies of formation of CO and О, (d) The standard molar enthalpy of combustion of carbon (graphite) - 
ПА.Т. "97, Ans. (d]] 
€ Numerical Problems : 
1. Calculate the heat of formation of NaOH from the following data : 
Na + HO ээ NaOH (aq) + '/; H; + 98 k cal 
Ha +10 э НО + 68:38 k cal 


NaOH + water — NaOH (aq) + 1373 k cal y [Ans. 15308 k cal] 
2. The heat of formation of methane at constant pressure is 185 k cal at 25°C. Calculate the heat of reaction 
at constant volume. [Ans. 17:904 k cal] 


3. The heat of combustion of ethanol is 3251 k cal and that of ethanoic acid is 2095 k cal. Calculate the 
heat evolved in the following reaction— 
СНОН (1) + О; (9) э СНСООН (д) + Н.О (1) [Ans. 115'6 k cal] 


4. The heat of atomisation of PHz is 228 k cal mole! and that of PH, is 355 k cal mole, Calculate the bond 
energy of the P-P bond ? [Ans. 51`0 К cal mole] 


5. Calculate the heat of formation of NH; (g ) at 25°C from the following bond energy data. 
N=N (945:5 kJ), N-H (38971 Ы), H-H (435:1 kJ) [Ans. = - 41°9 kJ] 
6. The heat of neutralisation of LiOH and HCl is- 35:868 kJ at 25°C. Calculate the heat of lonisation of LiOH. 


[Hint : Heat of neutralisation = Heat of lonisation + Heat of neutralisation of strong acid and strong base] 


7. Given the following standard heat of reaction— [Апз. 21672 kl] 


(i) Heat of formation of water = — 68:3 k cal, 
(ii) Heat of combustion of acetylene = – 310'6 К cal, 
(iii) Heat of combustion of ethylene = — 337'2 К cal. 
Calculate the heat of hydrogenation of acetylene at constant volume.  [LLT. "84] [Ans. = 41°1 k cal mole] 
8. The heat of formation of (a) CO; (9) from its elements is + 94°4 k cal, (b) CuO (5) from its elements is 
151°8 k cal and the heat of reaction between CuO ( s) + СО (9) is + 42`25 k cal. From the above data find the 
heat of formation of CuCO; ( s). [ISM '87] [Ans. 288°45 k call 


9. From the following data, calculate the heat of formation of anhydrous aluminium chloride. 
(i) 2Al(s) + 6HCI (aq) — АІС, (ад) + 3H2(g) ^ AH = -239760 cal 


(ii) Hlg} + Chig) — 2HC(g) AH = -44,000 cal 
(ii) HCl(g) + ag — HCI (aq) AH = -17,315 cal 
(iv) АЬСІ, (5) + aq — AlCl. (aq) AH = -153,690 cal [Ans,=-321,960cal] 


10. Calculate ihe heat of the reaction C2H4 (g }) + H2(g) — CoHs(g) at 25°C from the following data : 
(i) Сн,(9) + 30(9) — 2С0,(9)+ 290 (9) AH = -331°6k cal 
(ii) CoHs(g) + 7O2(g) > 2CO2(g)+3H,O(g) АН = -368'4 k cal 


(iii) lg) + 4Og) > ЊО(а) AH = -578kcol (Asî =-21 k call 
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11. The heat of combustion of graphite is 94.3 and of carbon monoxide 67°4 k cal mole”. Dissociation of 
О, and CO into gaseous atoms takes place with the absorption of 1174 and 230`6 К cal mole" respectively. 
Calculate the heat of sublimation of carbon. Ans. = 145 k cal per gm atom.] 
12. The heat of combustion of ethylene at 17°C is found to be 341930 col at constant pressure. Calculate the 
heat of formation of ethylene at 17°C at (a) constant pressure and (b) at constant volume, given the heat of 
combustion of carbon to carbon dioxide is 96:960 cal and the heat of hydrogen to water is 68360 cal, both at 
17°C and constant pressure. [Ans. (a) -11290 cal, (Ь) = -11870 call 
13. Calculate the heat of the following reaction F,(g) + 2NH,(g) ^ №9) + 6HF(g). 
Given the heat of formation of NH, and HF gases are -46,100 Joule and -271100 Joule respectively. 
[Ans, = -767300 Joule} 
14. Calculate the heat of reaction for the formation of benzene from C,H, at 25°C. 3C. H.(g) > C,H,()). 
Given the following heat of combustion data : 
2C,H,\I) + 150,  12CO, + 6H,O AH = -1598700 col 
2CHi(g) + 50, + 4CO, + HO AHz-620100cal ^ ^ [Ans.-130800 coll 
15. The heat of formation of AgCl(s) is -30°362 k cal and the heat liberated when 1 mole of silver chloride 
is precipitated from silver nitrate and sodium chloride is 15°650 k cal. Calculate the heat of the reaction : 
Aglis) + '/,Cllg) + ад > Ag* (aq) + СЇ (aq) (Ans. = -14°712 k cal] 
16. Whentwo moles ORE 3129 К) of heatis liberated. Calculate the heat of formation 
for C, H,. Given heat of formation of CO, and H,O are -395 and -286 kJ respectively. [Апѕ. = -835 kJ] 


[Roorkee * 88] 
17. Calculate heat of formation for chloride ion from the following data at 25°C : [Roorkee '92] 
'/.H,lgl + 1/,Chlg) > НСК) AH, = -92'4 kl 
HCl (gl «HO Heg) CH laq) AH - -7481 0 
АН,Не (aq) = 0 kJ [Ans. = -1672 kJ] 


18. Calculate the standard heat of formation of carbon disulphide(l). Given that the standard heat of 
combustion of carbon(s), sulphur(s) and CS,(/) are -393:3, ~293'72 and -1108°76 kJ mole"! respectively. 
[Roorkee ’89] [Ans. = -128:01 kJ] 


19. Using the data (all values are in k cal per mole at 25°C) given below, calculate the bond energy C-C and 


С-Н bonds. (А.Т, 90] 
AH 2 (Ethane) = 372'0, AH Ргорапе) = -530"0, 
AH %г C(Graphite) + C(g) = 172`0, Bond energy H-H — 104`0 
AH for НО) > -68°0, Hof CO,(g) 4-940 [Ans. C-C = 82 k cal, С-Н = 99 К call 


. bustion at 25°C of hydrogen, cyclohexene (C,H, „J and cyclohexane (C,H, ,) 
are кугы ie ше respectively. Calculate] the heat of Ан ge Из чон E 
ПАТ. '89] [Ans. = -121 kJ] 
21. Compute the heat of formation of liquid Methyl alcohol in kilojoules per mole using the following dato. 
Heat of imd of liquid CH,OH = 38 W/mole. Heatof БОЕ СЕНЫ ЖАЙ. atom from һе elements in their 
standard states : H = 218 kJ/mole, C = 715 kJ/mole, О = 249 kJ/mole. Average bond energies : 
СН = 415 kJ/mole 
C—O = 356 kJ /mole 
O—H = 463 kJ/mole ПАТ. '97] [Ans. = -827°5 k//mole] 


ө Objective type questions : 

Fill in the blanks : 

1. The heat of neutralisation of a strong dibasic acid in dil solution by NaOH is nearly équal to : 
[Ans. = 13.7 k cal/eg] 


2. Hg) +1/,049) > НО! AH = -286 Id 

lt is an example 

3. NH.Cl[s) + aq 4 NH,Cl (aq) AH = *3'9 k cal 

It is an example of heat of 

4. The following is an example of enthalpy of i ; 
CuSO Д5) + 5Н,0() > CuSO,.SH,O(s) AH =-18`69 k cal [Ans. = hydration] 

5. The amount of heat given out by the complete combustion of unit weight of a solid a liquid or unit volume 

of gas is call [Ans. = Calorific value] 


6. The first law of dem chemistry was given by — . [Ans. Lavoisier and Laplace] 


[Ans. = Exothermic reaction] 


[Ans. = Solution] 


Sm 
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CHEMICAL THERMODYNAMICS ў 


Introduction : Thermodynamics is that branch of science which primarily discusses the relationship of heat 
with other forms of energy. The science of thermodynamics began with the conversion of heat into mechanical 
work in the heat engine of French engineer Carnot (1796-1832). 

Today this part of science is applied everywhere especially where the process is controlled by or dependent 
of temperature or heat. 


There are three laws of thermodynamics. The first law is concerned with the conservation of energy 
qualitatively. The second law deals with the direction of chemical change and condition of equilibrium. The third 
law discusses the fate of entropy of a solid at absolute zero. 


8.1. Fundamental concepts of chemical thermodynamics. 

Before entering into the field of the subject, it is essential to become familiar with some 
fundamental terms frequently used in thermodynamics. 

(a) System : In thermodynamics, a system indicates a 
portion of the material universe which is chosen for 
investigation. 

(b) Surroundings : The remaining portion of the 
universe which can interact with the system is called the 
surroundings of the system. 

(c) Boundary : The space which separates the system 
from the surroundings is called boundary. 

When water is boiled in a beaker with a burner, water 
is the system, the beaker, burner, wire gauze etc., are the 


Fig. 8.1 surroundings and the walls of the beaker constitute the 
boundaries. Water-air interface is another boundary of the system. 


€ Classification of system— Open, closed and isolated system : 
With regard to its interaction with the surroundings, a system can be classified as— 
(i) Open system, (ii) Closed system and (iii) Isolated system. 


(i) Open system : An open system is capable of exchanging both the mass and energy, with 
the surroundings. Hence total amount of energy does not remain constant. 


Surroundings 


Surroundings Surroundings 


Fig. 8.2 : Types of systems 
For example, Boiling water in an open beaker takes heat energy from the surroundings and 
evaporates and the produced vapours pass into the surroundings. 
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(ii) Closed system : A closed system can exchange only energy with the surroundings 
but no exchange of mass between them is allowed. Consequently, the total amount of energy 
does not remain constant in a closed system. В 

For example, a boiling liquid kept in a sealed flask is an example of closed system. 

(iii) Isolated system : An isolated system is incapable of exchanging energy and matter 
with the surrounding. As a result, in this system the total amount of energy remains 
constant. 

For example, a solution in a sealed vessel kept in a thermosflask is a classic example of 
isolated system. Thus, an isolated system is a closed system but the vice versa is not true. 


ө Process : 

A system is said to undergo a process whenever some change is carried out on the state 
of the system. Considering the flow of energy two types of processes are very common 
(a) Isothermal and (b) Adiabatic. { 

(i) Isothermal : A process that takes place at constant temperature is called isothermal 
process, In such a process heat is supplied or removed from the system at just the right rate to 
maintain constant temperature. For isothermal process dT = 0. 

(ii) Adiabatic : A process that takes place without heat entering or leaving a system is 
called adiabatic process. Here q = 0. The system neither loses nor gains heat. The system is 
thermally insulated from the surroundings. 

(iii) Isobaric process : A process is said to be isobaric if the pressure on the system 
remains constant. Here dp = 0. An example of isobaric process is the conversion of 
1 mole of water at 25°C and 1 atmosphere pressure into vapour at 100°C and 1 atmospheric 
pressure. 

(iv) Isochoric process : If the volume of the system does not change during the operation 
on it, then the process is called isochoric. Here dV = 0. 

(v) Cyclic process : The process, in which a system returns to its initial state after 
completing the change is called a cyclic process. In cyclic process dE = 0 as E is a state 
function. 

(vi) Reversible process : A process is said to be reversible if it occurs in such a way that 
the properties of the system remains constant at every instant. Inareversible process the energy 
change in each step can be reversed in direction by changing the variables acting on the system. 
A reversible process always proceeds along an equilibrium path. 

Examples : 

(a) Chemical reaction occurring in a voltaic cell, 

(b) Vaporisation of a liquid in a closed vessel at constant temperature. 

It should be remembered that there is no true reversible process but some processes are 
called reversible as they approach reversibility in the limit. 

(vii) Irreversible process : If the change proceeds in one direction and the system does 
not get a chance to attain equilibrium then the process is called irreversible. All naturally 
occurring processes are irreversible and hence spontaneous. They always proceed in a definite 
direction and will never proceed in opposite direction. 

Examples : 

(a) Flow of water from higher level to lower level, 

(b) Flow of heat from hotter to colder region, 

(c) Mixing of two gases. 
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ө Properties of a system : 

Thermodynwmic parameters or properties of the system'are those which can be 
experimentally determined and which help to characterise a system. These include tempera- 
ture (T), pressure (Р), volume(V) and the amounti.e., the number of moles (n) of various species 
present in the system. These four properties are some time called thermodynamic variables 
or state variables. This is because of the fact that if the state variables (T, P, V, n) are fixed, 
the other properties of the system become fixed. 

(a) Extensive property : The property which depends directly upon the quantity or mass 
of the system, is called extensive property. Volume, mass, energy etc., are extensive properties. 
of the system. : 


(b) Intensive property : The property which does not depend upon the amount or 
quantity of the system is called intensive property e.g., temperature, viscosity, density, 
pressure etc. 


(c) State properties of the system or state function : A function whose magnitude is 
governed by the initial and final states of the system and not upon the path in which it is carried 
out is called state function or thermodynamic function. These are independent of how the 
change is accomplished. Internal energy (E), pressure (P), volume (V), entropy (S), enthalpy 
(H) etc., are all state functions. Such functions give exact differential. 


€ Difference between isothermal and adiabatic process. 


1. The system exchanges heat with the surrounding. | 1. The system is incapable of exchanging heat with 
the surroundings. 
2. Temperature of the system remains constant. | 2. The temperature of the system changes. 


dT - 0. 


3. Internal energy remains constant i.e., AE = О. 3. Internal energy varies. 


4. Entropy is variable. 4. Entropy remains constant. 
5. System is not thermally insulated from the | 5. System is thermally insulated from the 
surroundings. surroundings. 
| 6. Isothermal work q= W= nRT In E 6. Adiabatic work Were 


© The following table shows a comparative analysis between reversible and irreversible 
process. 


1. The process can notbe reversed. Italways proceeds 
in a definite direction. 

2. An irreversible process is real, can be observed 
actually and the process is fast. 

3. The driving force exceeds much more than the 
opposing force and the difference is finite. 

4. Since energy discipiates, the work obtained can 
not be maximum. 

5. Anirreversible process is in equilibrium only atthe 
initial and final state. 

6. All naturally occurring process are irreversible 

and spontaneous. 


1. The energy change in each step of reversible 
process can be reversed. 

2. The process is idealised and hypothetical and 
takes place infinitesimally slowly, 

3. The driving and opposing forces differ by extremely 
small quantity. 

4. Maximum work is obtained in reversible process. 


5. A reversible process always proceeds under 
équilibrium condition. 
6. Reversible process is carried out artificially. 
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8.2. First Law of Thermodynamics. 

First law of thermodynamics can be expressed in various ways as mentioned 
below :— 

(i) Energy can neither be created nor be destroyed, although it can be converted from one 
form into the other. 

(ii) The total energy of the universe remains constant. 

(iii) The total energy of an isolated system remains constant whatever changes take place 
upon the system. 

(iv) Whenever a quantity of some form of energy disappears, an exactly equivalent amount 
of some other form of energy must make its appearance. 

(у) It is impossible for any machine to produce work for eternity without any consumption 
of any fuel. Such a hypothetical machine is called perpetual motion machine. 

Thus the first law of thermodynamics is truely the law of conservation of energy. 


e Mathematical statement of the first law of thermodynamics—a relation representing 
the inter conversion of heat, work and energy : If a system absorbs q amount of heat, then this 
amount of heat will increase the internal energy and as a result, some outside work will be 
performed by the system. If W be the work done by the system and A E be the increase in internal 
energy, than according to first law of thermodynamic. 

АБЕД ухо dle nies зоолу (1) 

or, AE=q-W toy! ЗК 2) 

It is already stated that, internal energy E is а state function which depends only upon the 
initial and final states of the system. (AE = E2- E;) 

Calculation of W in pressure-volume change : 

Let us consider a glass 
cylinder fitted with weightless 
frictionless piston. Let the cross- 
sectional area of the cylinder be 
x and let the pressure on the 
piston be P. 

We know pressure is the 
force per unit area and work (W) 
= Force x distance through 
which the force acts. 

Again total forceon the piston 
= P x x. Let the piston moves 
through a distance dl. 

W= Pressure x area on which pressure acts x dl = P ххх dl 

Again x dl = dV i.e., volume change. 

or, dW=PdV 

у; 


MM, 
Gas 


V. 


2 
х= Area x = Area 


Fig. 8.3 : Pressure-volume work 


2 
or, Jaw = pÍ dV 


or, W=P | AVA pg г ЗСО ^5 (3) 
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Substituting the value of W in equation (2), 


y? 
AE=q-P fav PE CE (4) 
Vi 
(i) Opposing pressure constant : If the pressure (P) is maintained constant, the work (W) 
done in the change of volume from V, to V; is obtained by integrating equation (3), 


Уг 
м=р] dV = P(V;- V;) = PAV 
M! 
Urs A Sgt ah a (5) 
(ii) Constant volume : If the volume does not change dV = 0, in that case, no work is 
performed by the system or dV 2 0 


Hence A Ez 4. E (6) 
(iii) Opposing pressure zero : Here P = 0 or РАУ = 0 or dW = 0. 
Hence AE =q 


This process is called free expansion. 
Here the following points must be remembered, | 
(a) The pressure (P) is the pressure acting on the gas— it is not the pressure of the gas. 
(b) If V; «V, then W=negative, work is done on the gas by the surroundings and the process 
is contraction. 
(c) If V;2 V, then W= positive, the process is expansion i.e., the gas does work on the 
surroundings. 
€ Isothermal process - Maximum work : 
For isothermal process temperature is constant and there is no change of internal energy, 
hence A E =0 
From first law of thermodynamics, 
q=AE+W (Since AE =0) 
q=W 
Thus in isothermal process, all the heat absorbed by the system will be quantitatively 
converted into work. 


V2 
д==Р] ау 
— У 
inces Р RRL ел dV _ аф Р, 
Ѕіпсе Redi W=q = ner Í V = ART lng = PE MIT) 


Thus equation (7) gives the maximum work obtained when a system undergoes reversible 
isothermal expansion for n moles of an ideal gas from volume V, to volume V3. 

ө Work done in irreversible process. 

It can be shown that the work done in a reversible process is much greater than that in an | 
irreversible process from the following considerations. 

We know that for 1 mole of an ideal gas undergoing reversible process, the work (W,) is 
given by— 
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Considering the figure (3) if the pressure (P2) on the piston is reduced suddenly, the volume 
(V2) will expand immediately and the process becomes irreversible. The corresponding 
irreversible work (Wi,) is given by, 

Wir = P2 (V; - Vj) (From equation 4) 

for isothermal process temperature is constant. 

RT RT 
Vv, = Б V = Tr 
Substituting the values of V, and V; in the above equation, 


P. 
Wi, P; (кт Е RT) = КТ ( = Р) оир (8) 


Now W,— Wi, = RT In Б-Т ( - в) 


in Pia Р-Р. 


We know for infinitesimally small change, Р Чы; 


Р-Р. P,- P. 
A >, кл: کے‎ ad A 
We -Wr = RT —. -rr ( F; ) 


= RT (P; - P2) (5 È ) 


1 
P, 
P,- P. 
«атор im) 


- BF Mp Mu атс (9) 
As the right hand side is a positive quantity, so W,— Wir = positive 


W, > Wir 
or, Reversible work is greater than the irreversible work. 


@ Adiabatic process : 
Since there is no heat exchange with the surroundings in the adiabatic process, 4 = 0, hence 


according to first law, , 
q =dE+W or, dE+W=0 or, 4Е=-\/ 


Again,W=-CydT (. dE=C,dT) 
or, Wz-OCy,(T?-T)) 


or, W=Cy(T;-T2) 
We know for 1 mole of an ideal gas PV = RT 


о PV = RT, ot, T= again PaVa = КТ; ог, п= 50 
PY, BM, 
Ws Cv (5 PR 
Cy 
or, We R (РУ, - P2V2) 


Again Cp—Cy=R and % =y or, @-1=т-! А 
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Goa 
or, Como 
ROS e tm 
or, Merc or, RE ET 
P,V,- PV. 
We = ДШН ад, (10) 


Equation (10) thus gives the work done by a system when the process is adiabatic. 
Again in adiabatic process it can be shown that— 
PY "m constant? o a n A E (11) 
Differentiating equation (11), 
yPV?-'dV + V'dP =0 
or, y PdV + VdP =0 
or  VdPes-xPdV © 52 ODE (12) 
Again for n mole of an ideal gas, PV = nRT 
or PdV+VdP = nRdT 
Substituting the value of VdP from equation (12), 
PdV — y PdV = nRdT 
(1-y) PdV = nRdT 


pay = Г. 
V2 T; 
Na РГ ду = Jag 
vi T, 5 
on W= MT. ede ёл (13) 


Thus, equation (13) permits us to evaluate adiabatic work. 
Note: (i) When T, « Tz, W is negative and work is done on the gas by the surroundings. 
(ii) When Т; < T;, Wis positive, work is done by the gas on the surroundings. 
@ Worked out problems on first law of ics : 
1. Calculate the work done in calories when an ideal gas expands isothermally from 1 litre to 11 litre 
against a constant pressure of 3 atmosphere at 25°C. (Given 1 litre-atmos = 24:22 cal.]4 
Ans : Since the opposing pressure is constant 
W=PdV -P(V;-Vi) 
Opposing pressure Р = 3 atmos, V2=11 lit, V, = 1 lit 
W=3 х (11 - 1) = 30 litatmos = 30 x 24°22 = 726/6 cal 
Work done = 7266 cal 
2. One mole of an ideal gas expanded isothermally against a constant pressure of 3 atmosphere from 


10 litre to 35 litre. Calculate the work done in calorie, change in the internal energy and heat absorbed during 
the process. 


Ans : From first law of thermodynamics 9 = AE+ PAV 
= AF + P (V2- V,) [At constant pressure] 
For isothermal process AE = 0 
q= W= P(V2- Vi) = 3 x (35 - 10) = 75 litre-atmos. ` 
= 75 x 24°22 = 1816`5 cal = 18165 kcal 
q=W=18165kcal- and AE=0 
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3. Calculate the maximum work done when 64 g of oxygen gas occupying a volume 7 litre is expanding 
isothermally and reversibly to 14 litre at 27°C. (Given R= 1987 cal deg” mole!) 
Ans : We know far isothermal process, the maximum work 


Woe = 2:303 nRT log 2 
1 


Нее ч = = 2moles [M wi: of O = 32] 


Т = 273+27 = 300K 
Woe = 2'303 x 2 x 1:987 x 300 x log 1 
= 826'5 cal, 


4. 2 litre of hydrogen, initially at N.T.P, is expanded isothermally and reversibly to a volume of 
4 litre. Calculate the work done in calorie and erg. 


Ans : Number of moles of hydrogen = Ai ӘМТ. 

For isothermal expansion of n moles of ideal gas, ће work done is given by W = nRT In t 
I 

orn Wa a x 2 x 273 x 2:303 log 5 = 33:81 cal 

Since | cal = 42x 107 erg 


ıı, 33°8) cal = 33°81 x 42x 107 = 1°42 x 10? erg 


5. Two mole of an ideal gas (С, = 3 cal deg’ mole”) at 300 К is compressed adiabatically to one 
quarter of the original volume. What is the temperature of the gas after compression ? 
Ans : We know for adiabatic change the relation between volume (V) and temperature (Т) is given by— 


n. es 
n vw 


Again = = у ог, үу-1 = 96 
X NS 
2» (2 
x: T (и ) 
Hence, C, = С, = R = 2 cal deg” mole", С, = 3 col deg’ mole” 
E а, : Я 
MN aw = Ag. 
©, 3 0`6667, Here given Т, = 300 К and poz 
0'6667 
Hence 300. (1) or, Т;=756К 
T 4 


. Final temperature after compression is 756 К = 483°C. 


6. 2g of hydrogen gas is expanded isothermally and reversibly at 27°C from а volume of 2 litre to 4 litre. 
Calculate q, W, ЛЕ and AH. [Assume the gas to behave ideally.) 


Ans : Number of mole of hydrogen = 2 = 1 mole 
(o) For isothermal expansion q= W 
q-WenRTh M (nel) 
' 
or  q-2303x8314JK" mole x 300 K x log 2 
or, 9= 1'729 k Joule mole" 
(b) For isothermal process AE = 0 
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(c) AH = AE+ A[PV) 

AE + A(RT) 
= 0+0 (Since both R and Т are constant) 
= 0 

Thus in isothermal reversible expansion of an ideal gas both AH and AE are zero. 
8.3. Second Law of Thermodynamics. 

From the first law of thermodynamics it is not possible to predict the spontaneity of a 
chemical reaction since the thermodynamic function introduced in the first law e.g., enthalpy 
and internal energy are unable to predict whether the particular reaction is spontaneous or not. 
The second law of thermodynamics can predict the spontaneity of a reaction and also to what 
extent it can proceed. The law further calculates quantitatively how much amount of heat will 
be transformed into work and vice versa in a given process. 

ө Statement of second law : 

Like first law, the second law of thermodynamics can be enunciated in a number of ways. 

(i) Itis impossible fora self acting machine unaided by any external agency to convey heat 
from a lower to a higher temperature (R. Clausius). 

(ii) It is impossible for a cyclic process to convert heat into work without the simultane- 
ous transfer of heat from a body at higher temperature to a body at a lower temperature. 
(Lord Kelvin). 

(iii) For all spontaneous (natural) processes the entropy of the universe increases 
i.e., change in entropy is positive, whenever spontaneous process occurs in an isolated 
system. 

(iv) It is impossible to construct a machine functioning in cycles which can convert heat 
completely into the equivalent amount of work without producing changes elsewhere. 

(v) Energy of the universe remains constant and the entropy of the universe tends towards 
a maximum. 


8.4. Carnot's cycle. 

The most famous cycle used to examine the utility of second law of thermodynamics was 
devised by Saudi Carnot (1824) who explained, on the basis of his cycle, how much heat can 
be converted into work. - 


Fig. 8.4 : 


In the figure 8.4, the system consisting of 1 gm mole of an ideal gas, undergoes an 
isothermal expansion at higher temperature T; (source) from A — B, followed by an 
adiabatic expansion B — C. It is returned to the initial state by an isothermal compression 
at T, (sink) from C 4 D, followed by an adiabatic compression D — A. Each step of the 
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process is carried out reversibly. Each Q and W for the reverse cycle is opposite in sign to that 
for the forward cycle. 

Since the process is cyclic, the total work done by the system will be the sum total of work 
done in the fouroperations— two isothermal and two adiabatic processes. By applying first law 
it can be shown that W and Q in the four steps are as follows : 


Step (1) О= М = КТ, Іп A 
Step (2) WzC,(7;-T)) 

Vs 
Д 
Step (4) WzCyT, - T) 
The net work done by the gas in the complete cycle, on addition will be; 


Step (3) W=RT, In 


W - RT; In V + Cy (TT) + RT, Ine + CL(T- T) 
1 3 


= RT; In V2 + RT; In У 
V, 3 


14 
ү, у, 

= ВТ, In 2 – RT, In > 
S ans di 


It can be mathematically shown by considering the two adiabatic steps (2) and (4) that, 


уз oe: 

V V 

*. Total work (W) = R(T: - T;) mi MEAE (14) 
1 


у, 
Again, heat absorbed by the gas Q = RT; In = 
1 


The efficiency of the process 7] = E 


У 
у К-Т) тст, AT 


on = zou 
Q RT,In V Tj angle 
V, 
AT 
ESOS ао у Ry иа 15 
or, Q Т. (15) 


2 
Equation (15) relates that ar amount of heat will be converted into work in a cyclic 


2 
process. Efficiency of a heat engine (n) is defined as the ratio of the work ( W) obtained in a 
cyclic process to the heat taken from the high temperature (source) (Q). 


-W 
RAREN s 
8.5. Concept of Entropy. 
Entropy is a measure of disorder or randomness. The greater the disorder in a system, the 
higher is the value of entropy. 
The two important thermodynamic functions which enable us to predict the spontaneity of 
a chemical reaction are entropy and free energy. Like internal energy and enthalpy, entropy 
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is a state function and does not depend upon the path but depends upon the initial and final state 
of the process. Therefore, as in the case of E and H we can write the entropy change as (AS). 
AS=S2=S; 
where S, and S» are the entropies of the initial and final states. 
The change in entropy (dS) is defined as the ratio of the heat absorbed by the system (д) 


to the temperature (T) in absolute scale. 
ddye, 


d$ = Ton ey, aloes es (16) 
In case of finite reversible entropy change at constant temperature we may write— 
AS о» ook dme d sii (17) 


Hence for any isothermal reversible process in which the heat grey is absorbed at tempera- 
ture T, the change of entropy is the absorbed heat divided by the temperature in absolute scale. 

On the basis of equation (17), it can be stated that, 

(a) if qre = positive, А S is also positive i.e., increase of entropy or increase of disorder and 

(b) if q,,, - negative A S is also negative i.e., entropy is diminished i.e., decrease of disorder. 

€ Unit of Entropy : Entropy change (dS) is expressed in calories per degree per given 
amount of the substance. This calories per degree Kelvin (cal K^) is called entropy unit (eu). 

S. I. unit of entropy is Joule per degree Kelvin (JK-'). When the amount of the substance 
is | mole, the unit of S and AS should be expressed as Joule per degree Kelvin per mole 
(К^! mol’). 

ө Physical significance of entropy : 

1. Entropy is a measure of the degree of randomness or disorder of a system. Larger the 
disorder of a system, the more is the entropy. This, in a crystal, where the units are most well 
ordered, has minimum entropy while in gas there is maximum disorder hence higher value of 
entropy. Thus entropy of gas > liquid > solid. 

2. Ina reversible cyclic process the net increase in entropy of the system is zero, while in 
an irreversible cyclic process there will be a net increase of entropy. 

3. All natural processes are irreversible and hence spontaneous. At equilibrium a system 
has maximum disorder i.e., t has maximum value of entropy. Therefore, we can state that, for 
a spontaneous process in an isolated system entropy change is positive. 

4. In reversible isothermal expansion of a gas the entropy change, 

AS nR In = =nRin A 
Similarly A S is related to temperature by the following— 
А5 =n Сит =n C, in T 

5. Entropy is a measure of the number of microscopic states associated with a particular 
macroscopic state. Hence a disordered system is one, that has a relatively large number of 
microscopic states available to it and that is why a disordered state is more probable than an 

ordered one. In other words, the more disordered the molecular motion or energy distribution 
їп а system, the higher is the probability that the system will exist in that state and greater is 
its entropy. The most probable states of a system are those of high entropy. 

6. When a solid melts reversibly at constant pressure, it absorbs heat AH;called enthalpy 


of fusion. 
Hence, AS =% = АН; 


Толу 
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The value of AS is positive: Since during melting of a solid, as the disorder increases the 
entropy also increases. Again during evaporation molecular chaos increases and hence 
entropy increases. If T; is the boiling temperature and AH, is enthalpy of evaporation, then, 

AH, 
р 


А5 = Т, 


е Entropy change : 

Change of entropy in a number of simple reactions is qualitatively assessed іп the following 
examples where both disorder and order have been shown. 

1. Formation of vapours from liquids : Unlike solids, both liquids and vapours are in 
disordered states. However the motion of the molecules in the vapour state are more random 
than in the liquid state. Hence when a liquid evaporates to form vapour, entropy must increase 
as is evident by the following transformation. 

H,0(/) > H,0(g) AS =26'5 cal дерт! mole"! 

2. Formation of gas during reaction : Whenever a solid is heated to form gaseous 
products, the number of species increases resulting in a more chaotic condition increasing 
entropy resulting in spontaneity. 

CaCOs(s) = CaO(s) + CO»(g) AS = + 384 cal deg" mole! 

3. Melting of solid : Among the three phases, the atoms or ions or units exist in the most 
ordered way in solid. When the solid melts the constituent particles is now free to move in the 
liquid state. Thus, on melting there is a large increase in disorder which results in increasing 
of entropy. з 
H;O(s) — Н›О(/) AS = + 52cal deg! mole"! 

4. Increase of gaseous volume : If, on heating, the number of moles of a gas increases, 
there must be a increase of entropy. 

2NH; (g) — № (0) + ЗН, (8) AS = + 23'8 cal deg! mole" 
5. Decrease of entropy : 
(a) Let us consider the following two reactions, 


Na(s) + zCh(g > NaCl(s) ...... (i) 


2H2(g) + О, (8)  — 2HOWM ...... (ii) 

Inthe first reaction the number of species is less in the product, the gaseous phase disappears 
leading to a solid phase and hence disorder state becomes more ordered. As a result, there will 
be decrease of entropy. Actually the A S at 25°C is found to be 2177 cal deg"! mole". 

In the second equation, the number of molecules decreases as the gaseous phase (more 
disorder) leads to liquid phase (less disorder). Hence entropy must decrease. Actual A S value 
has been found to be —39.05 cal ер! mole-!. 

Thus on the basis of study of an equation it is possible to predict qualitatively the sign af 
the entropy change vis-a-vis spontaneity of the reaction. 


8.6. Gibbs Free energy. 

We know that in all natural processes, two factors namely tendency to minimum energy and 
tendency to maximum work are involved when the system approaches equilibrium. But 
unfortunately these two factors act in opposition in a number of cases. 

The factor which joins energy change, temperature and entropy change, is the free energy 
(G) of the system, which is defined by the relation. 

СНЕ Ще E АН 6 (18) 
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The total energy of a system, for conversion into usable work, may be thought to consist 
of two parts (a) one part that is freely available i.e., free energy and (b) other part that is 
unavailable energy. The unavailable energy is represented by the product of entropy and 
temperature in absolute scale (TS). The higher the temperature, the greater is the disorder and 
less is the available work. Thus we may write, 


Total energy = G + TS 
Free energy Unavailable energy 
Again Н = total energy = E + PV (first law) 
H = G * TEN С” FE ЮР ТТЕР. (19) 
Тою! епегду Free energy Unavailable energy 
or, G =" Н - TS 
Free energy Enthalpy Unavailable energy 


An inspection of equation (19) reveals that due to disordering influence of temperature, all 
the energy (H) is not available for doing useful work. A certain amount denoted by TS can not 
be used. At higher temperature TS is higher, hence at high temperature amount of freely 
available energy is less. 

Now differentiating equation (18), 

dG dH. TAS SAD ees ЫЗ (20) 

At constant temperature and pressure dT = 0 and dH = dq 

^. dG = dq-TdS 


Again, dS = dde, ог, 745 = ад, 


Т 
^ dG = dq -dgw 
Now for reversible process dq = dûre, 
Hence, for reversible processdG=0 ...... (21) 


If the process is irreversible, q < Grey 

Hence dG = dq- dq, 

or, Ge v А Bee РРС ee eee (22) 

Equations (21) and (22) are applicable for very small change. For finite change, for 
reversible process AG = 0 and for irreversible process AG <0. 

€ Applications of Gibbs free energy : 

1. AG and spontaneity of a reaction : We know in terms of AS that, if A S is positive then 
the particular reaction is spontaneous. (i) Similarly if AG is negative, the process will be 
spontaneous i.e.,the formation of the product will proportionally greater in the equilibrium 
mixture. (її) If on the other hand AG? is positive, the process will be non-spontaneous i.e., 
reverse process will take place. (iii) If A G° is zero, the process is in equilibrium, with no net 
change between initial and final states. у 

2. Equilibrium constant and standard free energy change А G*: Standard free energy 
change А С° is related to equilibrium constant K by the following equation. 

Аб? = -RTIn K = - 2:303 RT log K 
3. Useful work and free energy change : According to the definition of Gibbs free energy 
it can be stated that the decrease in free energy of a system is a measure of the useful work 
available from the given system under a given condition of temperature and pressure. Hence 
change of free energy is equal to the maximum possible work available from the particular 
process or, -A С = Wyo, 


a 
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4. AG and electrical work done : It has already been stated in connection with the 
deduction of Nernst equation (Chapter VI) that AG =-nFE, 

where, E=e.m.fof the cell, 

n = Number of moles of electrons passed through the cell, 
Е = Faraday (96500 Col). 

Net electrical work = nFE. Again net electrical work = — AG 

Hence AG = - nFE 

If E?,, + E?,,, = E°cey and А С° = standard change of Gibbs free energy then, 

AG? = —пЕЕ° 

5. We know С = Н - TS. 

At constant temperature and pressure, AG = AH-TAS. 

A close scrutiny of the above equation reveals the following facts, 

(i), At low temperature A С depends primarily on AH as the second term TA S is small in 
comparison to first term А Н. 

(ii) On the other hand at high temperature AG mainly yrs upon TAS as it is larger 
than A H. This explains why molecules which are stable at room temperature become unstable 
and hence decompose at high temperature. In fact at high temperature AG becomes more 
negative. y 

€ Standard free energy change (A С°) : 

The standard free energy change (А G°) is the free energy change for a process at 25°C 
i.€., at 298 К. 

Again standard free energy of formation А С? is defined as the free energy change which 
occurs when 1 mole of a compound in its standard state is formed from its elements in their 
standard states. It is to be remembered that the standard free energy of formation of all 
elements is defined to be zero. 

Let us consider the following reaction, ~A + 8B 2 yC +5р 

The standard free energy change A G? is expressed as follows— 

AG? = ҮА СР(С) + SA G/P(D) - о АСР (А)— BAG,(B) 

ог, in general, AG° = YA Gf (Products) = XA Gf (reactants) 

(i) If A С° = negative, the reactants in their standard states will be converted spontaneously 
into the products in their standard states. 

(ii) If A С° = positive, the reverse will be the case. 

ө Equilibria and free energy : 

The spontaneity of a reaction is solely controlled by А G° value of a reaction, which can be 
obtained accurately by measurements in the laboratory. However, the sign and approximate 
magnitude of A H and A S can be approximately estimated. From these informations the sign 
and magnitude of A С° and hence the extent of forward reaction i.e., the position of the 
equilibrium can be qualitatively predicted. The following examples will justify our statement. 


Given 
(1) бз) + Og) ә СО) AG? AH, AS, 
C(s) + 50е) =» CO(g) AG? AH, AS 


Given A Н = Negative in both cases. However, AH, is more negative than А H3. 
A S; = positive (since T mole gas — 1 mole gas). This value must be higher than А 5, as 
1 mole gas — 1 mole gas. 


CH-IU21 
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(i) At low temperature : Value of AG? is mainly controlled by A H. Hence СО, is mainly 
expected to be formed. 

(ii) At higher temperature : Value of А G? is controlled by A S. Hence CO is expected to 
be the main product. The above argument explains that in the manufacture of producer gas a 
temperature as high as 1000°C in maintained in the kiln. 

2. CaCO; (s) + SiO; (s) => CaSiO; (s) + CO» (8) 

Here A H is positive, A S is also positive. 

(i) At low temperature : Since AH is positive at low temperature А С° is also positive. 
Equilibrium is shifted more towards left. 

(ii) At high temperature : As T increases, TA S becomes more positive, А С° becomes more 
negative and so the equilibrium is shifted towards right i.e., forward reaction is spontaneous. 

The above arguments explain (a) Formation of sand by the weathering of siliceous rocks 
when exposed to atmosphere for thousand and thousand of years. 

(b) Silica present in the ore is mixed with limestone, heated to high temperature in the 
furnace to form fusible slag calcium silicate. 

@ Worked out problem on Second Law : 

1. Calculate the melting point of solid sodium chloride from the following data. 30'0 kJ/mole of heat is 
required for the melting of sodium chloride when the increase of entropy is 28°2 J deg 'mole"!. 

Ans : We know at the melting point of an solid AG = 0 

. АН-ТА$=0 
AH = T.AS 


T 30000 


AH 4 азо 
=A o SAD = 106383К =790:83°С 
2. Calculate efficiency of a reversible heat engine which operates between a source of heat at 300 °C 
and a sink at 27°C. ртр 
Ans : The efficiency (п) of an engine is given by n = t = m 
2 2 
Т, = 27 + 273 = 300K and 7,23004273 =573K 
AT h-hh _ 573-300 273 _ 9. 
n ATOR mo ES 
Hence the efficiency of the engine is 0476 х 100 = 47°6%. 
3. The enthalpy change for the reaction— 
НгО (I, 1 atm. 373 K) ^ НгО (9, 1 atm. 373 K) is 9700 cal. Calculate the values of AG and AS. 
Ans : Here water and steam are at equilibrium at 373 K and 1 atm.-pressure. Hence AG must be zero. 


AH _ 9700 j 
= —— = = 26'01 cal deg" г! 
AS Т 373 601 cal deg” mole 


4. Diethyl ether boils at 35°С at 1 atmosphere pressure. If its heat of vaporisation is 6/5 k col, calculate 
its entropy at boiling point. 


АН, 6500 a 
: a LOMA. 1 г! 
Ans: AS T 211 cal deg? mole 


5. Given at 25°С and 1 atmosphere pressure AH for the reaction Brall) + Clalg) — 2BrCl(g) is 29 kJ. 
At this temperature the measured entropy change is 105 J deg’ mole". On the basis of these two data predict 
whether, at this condition bromine chloride will be formed or not. 
Ans : Applying the equation AG = AH- TAS 
= 29000 - 298 x 105 
= 29000 - 31290 
=- 2290) 
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Since AG is negative, the reaction is spontaneous in this condition, i.e., Brafl) + Cl(g) > 2BrCl(g) 
reaction occurs. 
6. Calculate the entropy change involved in the isothermal reversible expansion of 140 g of nitrogen 
gas from a volume of 1 litre to a volume of 10 litre at 27°С. Assume the gas to behave ideally. 
3 


Ans : 140 g of nitrogen = 12. = 5 moles of nitrogen. Since ће process is isothermol, 


iy уы г 
dS= nR In У, 


35x 1:987 x 2:303 x log 1 
= 22°88 cal deg” 
7. 6 mole of an ideal gas is compressed isothermally at 300 К from 4 atmos Ю 8 atmosphere. 
Calculate AG of the process. 
Ans: AG = RT In 
Р 


=6х2:303х 1987 x 300 log & 

= 24795 k cal. 
8. Calculate the increase in entropy when 2.8 litre of O, is mixed up with 19.6 litre of hydrogen at N.T.P. 
Ans : We know entropy of a mixture is AS, = = [AR In Na+ nsR In №) 
where n, and ns are the number of gm mole of A and B and № and № are their mole fractions. 


Here 2.8 litre of О, = Z8 = Fam mole x. Number of gm mole of oxygen = 1- 
н ages gd s sed 
Similary number of gm mole of hydrogen 224 "8 Ё Total gm mole 8*8 1 
1 
Mole fraction of O2 = ER = 1, Mole fraction of Ha = B = i 
Applying the formula, 


„= 0:748-[ Û x 1:987 x 2'303 log 1-+ x 1:987 x 2:303log Т] = 0754 cal deg". 


e Questions ө 


1. Explain the thermodynamic terms (a) System, (b) Process, (c) State function. 

2. Distinguish between (o) Reversible and Irreversible Process, (b) Isothermal and Adiabatic Process. 

3. State first Law of Thermodynamics in different forms. 

4. What are the important conditions of a reversible process ? Comment on the statement ^A reversible 
process proceeds along an equilibrium path”. 

5. Show mathematically that work done in reversible isothermal process is more than that obtained in 
irreversible process. 

6. State the second Law of thermodynamics in different forms. 

7. Define Gibbs free energy (G). What is the standard free energy change ? Under what condition does AG 
becomes equal to the useful work ? l 

8. What is a cyclic process ? Deduce an expression for the efficiency of a reversible Carnot's cycle. 

9. Explain the term entropy. Give an example of a spontaneous process and state how the Gibbs free energy 
at constant temperature and pressure is related with it. 

w Define heat of reaction at constant pressure (AH) and at constant volume (AE). Deduce a relation between 
AH and AE. 

11. Deduce the expression for the work done in the isothermal reversible expansion of n moles of an ideal 


gas at 27°C. 
12. What is the relation between AE and AH in the two equations ? 
(i) Н (9) + (д) = 2H! (g) (ii) С (5) + О; (д) = СО; (9) [Ans. ^ 


| 
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13. When the reaction NH,Cl(s) => NHs(g) + HCl(g) occurs, does the entropy change ? 
[Ans. yes, it increases] 
14. Predict the sign of AS? for each of the following reaction— 
(i) САНЫ) + 7/09) = 2COslg] + 3H;O(l) 
(ii) №9) + 3H2fg) = 2NHs(g) [Ans. (i) = negative (ii) = negative] 
15. Amongst the various alternatives given below, choose the correct answer : 
(i) Identify the intensive quantities from the following 
(a) Enthalpy, (b) Temperature, (c) Volume, (d) Refractive index. [Ans : (b) and (dJ] (1.1.7. 93] 
(ii) For a spontaneous process which one is correct ? 
(a) AH = positive, (b) q = negative, (с) AS = negative, (d) AG = negative. [Ans. (d)] 
(iii) For an adiabatic process which one is correct ? 
(a) PdV=0, (b) q=W, (c)q=0, (d) AE= q. [Ans. (c]] 
(м Decrease of entropy is observed іп, 
(a) Polymerisation, (b) Dissolution of lonic solid in water, (c) Melting a solid, 
(9) Expansion of gas. [Ans. (a)] 
(М In which of the following reaction AS is positive ? 
(а) No(g) + 3Ho[g) — 2NHs(g) 
(b) 302(g) > 20s(g) 
(c] C(s) + O2(g) > COx(g) 
(d) Н0(1) > НО(9) [Ans. (d]] 
(vi) An endothermic reaction A — B proceeds spontaneously. Which of the following is correct for the 
reaction ? 
(a) AG and AH both are negative, (b) AS is negative and AH » TAS, 
(с) AH is positive and AH < TAS, (d) AS is positive and TAS > AH. [Ans. (d]] [PMPD '93] 
(vii) The relation between K, and AG is given by 
(a) AG= = RT Ii (bl AG == RT log K, 
(c) AG=-RTInK, (d) Аб = - RT? Ink, [Ans. (c]] 
(viii) On dissolving NaCl in water there is 
(a) Increase in free energy, (b) Increase in entropy, (c) Decrease in entropy, 
(d) No change in entropy. [Ans. (b]] 
(ix) The occurrence of a reaction is impossible if 
(a) AH is positive and AS is also positive, (b) AH is negative and AS is also negative, 
(с) AH is negative ond AS is positive, (d) AH is positive and AS is negative. [Ans. (c]] [AIMS '91] 
(x) A chemical reaction will be spontaneous if it is accompanied by a decrease of 
(a) Entropy of the system, (Ы) Enthalpy of the system, 
(с) Internal energy of the system, (d) Free energy of the system. [Ans. (9)] [PMPD 92] 
(xi) During an isothermal expansion of an ideal gas its 
(a) Enthalpy reduces to zero, _ (b) Enthalpy remains constant , 


(с) Enthalpy decreases, (d) Internal energy increases. [Ans. (b)] [PMPD '92] 
(xii) The amount of heat measured for a reaction in a bomb calorimeter is 
(a) AG, (b)AE, (ec) AH, (d) PAV. [Ans. (b]] [AIMS '92] 


(xiii) For an endothermic reaction AS is positive. The reaction is 
(a) Feasible at all temperature, (b) Feasible when TAH > AS, 
(с) Feasible when AH > TAS, (d) Not feasible at all. [Ans. (b]] [BHU '94] 
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(xiv) For the system C(s) + О; (g) > CO:(g) 


(a) АН = AE, (b) AH < AE, (c) АН= 0, (d) AH» AE. [Ans. (a]] 
(xv) Which of the following has highest entropy ? 

(a) Water, (b) Mercury, (c) Hydrogen, (d) Graphite. [Ans. (c)] 
(xvi) Temperature and heat are 


(о) Extensive property, (b) Intensive property, 

(с) Extensive and Intensive properties respectively, 

(d) iniensive and extensive properties respectively. [Ans. (d)] 
(хуй) In an isothermal expansion of an ideal gas 

(a)Q=0, (b)W=0, (c)AV=0, (d) AE=0. [Ans. (d]] 
(xviii) Work in the adiabatic process is given by 

(a) W= -nR(T, - T) (b) W= nR(T, Т) 

Т7 1-7 

у= Nm (9 W= NIU (Ans. (cl 
(xix) Which of the following statement is correct for enthalpy of an ideal gas? 

(а) It is independent of pressure and temperature, 

(b) It depends both on pressure and temperature, 

(c) It is independent of pressure but depends on temperature, 

(d) It is independent of temperature. but depends on pressure. [Ans. (c]] ` 
(xx) The cooling in refrigerator is due to 

(a) Reaction of the refrigerator gas, (b) Expansion of ice, 

(c) The work of compressor, (d) The expansion of gas in the regrigerator. [Ans. (d)] 
€ Numerical Problems : 


1. To what pressure must a given volume of oxygen, originally at 100°C and 1 atmosphere pressure, be 
adiabatically compressed in order to raise its temperature to 400°C ? [Ans. 7°89 Atmos] 


2. 10 litre of an ideal gas at 273 K and 100 atmosphere pressure is allowed to expand isothermally and 
reversibly to a pressure of 10 atmosphere. Calculate the work done and internal energy change in the process. 
ims [Ans. W = 2302 lit-atmos AE = 0] 

3. 10 litre of oxygen, initially at 2 atmosphere pressure, is expanded adiabatically and reversibly to 30 litre. 


Calculate the work done in colories. [Ans. 429 cal] 
4. 14 g of oxygen at 0°C and 10 atmosphere is subjected to a reversible adiabatic expansion to a pressure 
of 1 atmosphere. Calculate the work done is lit-atoms. [Ans. 11°8 lit-atmos] 


5. One mole of benzene is vaporised at its boiling point 80°С and 1 atmosphere. Given latent heat of 
vaporisation of benzene is 94°22 cal per gm. Calculate q, W, AE ond AH. 
[Ans. q = AH = 7350 cal, AE = 6647°4 cal, W = 702'6 cal] 
6. One mole of an ideal gas is compressed isothermally and reversibly from a pressure of 2 atmosphere to 
10 atmosphere at 27°C. Calculate AE, W, а and AH. [Ans. AE = 0, q =W = -9612 cal, AH = 0] 
7. 5 litre of helium at 25°C and 10 atmosphere pressure is allowed to expand isothermally against a constant 
opposing pressure of 1 atmosphere till the pressure of ће gas is 1 atmos. Calculate the work done. 


[Ans. 1089 cal] 
8. Calculate the work done when 2 moles of an ideal gas expands isothermally and reversibly from 1 litre 
to 10 litre at 25°C (given R = 1°99 cal). [Ans. 2°732 k cal] 


9. 5 mole of an ideal gas is compressed isothermally and reversibly at 27°C until its volume becomes one- 
third of its original volume. Calculate the work done (given R = 2 cal). [Ans. W = -3:296 К cal] 


326 ELEMENTS OF CHEMISTRY 


10. Calculate the entropy change per mole when cadmium vapour at 767*C ond 1 atmosphere pressure is 
heated to 1027°C and compressed so that its final pressure is 6 atmosphere. Assume that the vapour behaves as 
an ideal monatomic gas (C, = 3 cal). [Ans. -2'469 cal deg! mole] 


T 
| Hints: 4S = Î | 


{ 
11, For a certain ideal gas C,= 5/2 R. Calculate the change in entropy suffered by 3 mole of the gas on being 
heated from 300 to 600 K at (a) constant pressure and at (b) constant volume. 
[Ans. (a) = 10°33 cal deg", (b) = 6°20 cal deg !] 
12. Assuming that nitrogen is an ideal gas, calculate А$ for the compression of 200 g the gas from a pressure 
of 1 to 5 atmosphere at 25°C. [Ans. -22°85 cal deg! mole") 
13. For a reaction at 300 K, entropy change is 0°05 k cal per degree К and enthalpy change is 100 k cal. 
Assuming AH and AS to be constant over the temperature range, at what temperature will the reaction become 


spontaneous ? [Ans. 2000 К] 
14. One mole of He and one mole of hydrogen are mixed at a constant temperature. Calculate the entropy 
change of the mixture. [Ans. 2°77 cal deg’ mole!] 


15. One mole of steam is compressed reversibly to liquid water at the boiling point 100°C. The heat of 
vaporisation of water at 100°C and 760 mm is 539°7 cal gm", Calculate q, W, AH, AE, AGand AS. The process 
is reversible, isothermal and also isobaric. 


[Ans. W = -741 cal, q = АН = -9720 cal, AG = 0, AE = -8979 cal, AS = -26'0 cal deg"! mole:!] 


€ ADDENDUM € 


Note : Students are advised to read this addendum after energy calculation on Bohr's 
theory of page 19 of General Chemistry. 


4, 
In Deducing the Bohr's equation, E, = ew 
n 
We have followed Gaussian system, but if one follows S.I. system the result will be 
р zi Ze m. 
M 8&5 n? 


This can be explained from Coulomb's Law. 
The force of attraction operating between two point charges q; and q, separated by 
a distance r, is given by Coulomb's Law as 


4142 
EK _... fe 1 
FzK E (1) 


where K is the proportionality constant. 

Gaussian System : This system uses c.g.s. units i.e. g. cm. sec for mechanical 
quantities. In this stystem one unit of charge is taken as 1 e.s.u. (also called one stat 
coulomb). The proportionality constant is taken as unity i.e. К = 1 

Eqn. (1) therefore defines 1 e.s.u. of electric charge as follows, 


The force of attraction (F) between these two unit charges is 1 dyne. 
_ (1 e.s.u.) (1 e.s.u.) 
з 1 cm? 
ог, 1 дупе = 1 esu? cm? 
Again since 1 dyne = 1 g cm s? 
lesu?cm?- 1g ст P 


It is to be noted that 


(i) I e.s.u. is, however, not the fundamental unit of charge 
(ii) The fundamental unit of charge is 1 coulomb (1C) 
(iii) This belongs to S.I. cnits. 


or, 1 дупе 


S.I. System : 

In this system, the proportionality constant K is not unity but K xm 

Where € = permitivity of vacuum whose value is 8.854 x 10712 C? kg! пг? s? 
Again experimental value of LUN is 8.988 x 10? Nm? C? 


ог, K = 8.988 x 10° N m? C? 
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Therefore in S.I. system, the force between two point electric charges is 
F= Ge) 4d» 
Are) nr 
Here q, and q, аге іп coulombs and г is in meter. F will be in newton (№) 
Conclusion : Thus when one writes the Coulomb's law as F = u. he is using the 
Gaussian system and so he has to put д; and q in e.s.u., r in cm and F in дупе. 


But when one writes F = qm he is using S.I. system. Here qı and q; are in 


coulomb, r in meter and F in Newton (N) 
€ Deduce the relation between 1 e.s.u. and coulomb. 


1C e 101 551 mo e IC 
1m 
F _ (8.988 x 10? Nm? C?) (1C) (1C) 
(1m)? 


= 8.988 x 10° N = 8.988 x 10!* дупе (Since 1N = 10° дупе] 
Геб?) ТС 27.651. 
2. 8988 x 10! дупе ŠEST) (esu) 
(100 ст)? 
Or, (xe.s.u.)? = 8.988 x 10!* дупе x 10* cm? 
8.988 x 10!8 дупе em? 
= 8.988 x 10!8 e.s.u.? 
or, x= 3x 10° 
or, ІС = 3 x 10? e.s.u.=3 x 10? state coulomb. 
[Remember electronic charge (е) = 1.6 x 1071? coulomb = 4.8 x 107! e.s.u.] 


ө Energy of Electron in S.I. Units : 
2 
Centrifugal force = ту. again Coulombic attractive force = 
r 


Aner? 
: ту? Ze 
Equating the above two, ei. m 
Ze 
On yu 
4лєутг 
Р пћ 2 ng 
== Or, yum 
Again from mvr zs dz 
Ze? nn 
Ot E RUNS 
4z&mr Arm 
_ eni 
л mez 
1 1 ze Ze 
=-— mecum x. == 
Weknow, E 5 ту? U a or 
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Substituting the value of r in above equation, the energy in the nth orbit is 


HET 
"` Segni 
Now, if an electron jumps from initial state Е, to final state E,, then AE = Е, — En, 
4 
or, ДЕ -Zem Ра = 5 
8e \m? n? 
Again JC og Рейт Е. 
À Вест? (з s) 
4, 
Putting Rydberg constant R = Zem 
8e,7ch? 
ар 
n? n? 


The experimental value of R is 1.097373 x 10’ пг!. This is in good agreement with 
the theoretical value of 1.096776 x 107 m! 
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GENERAL METALLURGICAL Я, і 
PROCESSES 


| 


The discovery of metals and the knowledge of their applications are of great importance in 
the history of modern civilisation. After the stone age the ancient people came to know the art 
of preparing bronze. With the progress of human civilisation, man discovered iron also. Thus 
in the ancient history we find that the stone age was succeeded by the ‘Bronze age’ and the 
‘Bronze age’ was succeeded by the ‘Iron age’. The iron piller at Delhi bears a testimony to the 
knowledge and skill in the art of preparation of high grade iron which remains uneffected for 
several centuries. In fact the discovery of metals placed man well on the road to civilisation 
and material prosperity. 

1.1. Structure of metals. 

About three-fourth of the elements in the periodic table are metals. The elements with too 
little electrons in the outer most valency shell but with too many orbitals, are metallic. Thus 
sodium is a metal, because it has one 3s, three 3p and five 3d orbitals i.e., total nine available 
orbitals, but it contains only | electron in the 3s orbital. On the otherhand chlorine is a non-metal 
because it has seven electrons (152 2s? 2р® 3s? Зр?) in the outermost shell although it also 
contains nine orbitals in the outermost shell. Metals are characterised by several properties 
which are called metallic properties. These include high electrical and thermal conductivity, 
metallic lustre, emission of electrons, formation of cations, malleability, ductility etc. 

(i) The force which holds the metal-atoms together in a statevof aggregation is known as 
metallic bond. The metallic bond is not ionic, because there is no difference of electro- 
negativity among the atoms of the same metal. Again X-ray examination of the crystal structure 
of sodium metal exhibits that each sodium atom is surrounded by eight other sodium atoms in 
a body central cubic form (b.c.c.). Thus the covalent bonding is not possible for sodium atom 
with I valence-electron to get bonded with 8 other sodium atoms. Thus metallic bond is neither 
electrovalent nor covalent in nature. Yt has been proved that metals have packed crystal 


structures. The characteristic properties of metals can 
only be explained by the new idea of metallic bond as 
well as their crystal structures. As a matter of fact the 
structure of metal and the metallic bonding are respon- 
sible for the different physical properties of metals. 

(ii) The valence-electrons in a metal are loosely 
bounded by metal-atoms. fs 

(iii) As the metal-atoms are closely packed, it is 
assumed that the atomic orbitals holding the valence- 
electrons merge to produce delocalised orbital system, 
and as a result the valence-electrons of one atom can Fig. 1.1 : Crystal structure of sodium 
move in the vacant valence-orbitals of the other atoms. Consequently the valence electrons of 
the metal-atoms are not confined to any particular atom, but they are spread over the entire 
crystal lattice of the metal more or less uniformly. 

The graph of Fig. 1.2 shows the melting points of different metals as a function of their 
location in the periodic table as well as of the number of valence-electrons. The graph exhibits 
very low melting points for the alkali metals and high melting points for the transition metals, 
maximum for W, Mo and Cr for Sd, 4d and 3d block elements respectively (Gr VI A). In the 
metallic bonding of transition metals, s, р and d orbitals may overlap and electrons from these 
orbitals are involved. Group VI A metals possess maximum Gelectrons i.e., (n-1)d 5ns!, hence 
they can contribute a total six atomic orbitals for the formation of metallic bond. Therefore, the 
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metallic bond of W, Mo and Cr are the strongest and their melting points are highest in the 
respective series. As we move from Group 1A to Group VIA (W, Mo, Cr), the average number 
of bonds per metal- 

Total number of valence electrons atom should increase. 

] 2. 3 4 АБСЕ АЕ ОБ ПЕ, Strength of the me- 

tallic bondalso increa- 
ses and becomes ma- 


3500° 


After Group VIA, the 
m.p. of elements 
drops, because addi- 
tions of electrons re- 
sults in pairing ofelec- 
trons in metal-orbit- 
als. Paired electrons 
are unable to form 
metallic bond with its 
neighbouring atoms. 
As a result average 
number of metallic 
bonds per metal-atom 
decreases. It is mini- 
mum at Group II B 
and hence weakest at 
Hg whichaccounts for 
its liquid state at room 
temperature. 

(iv) The structural 
units of metal crystal 
are atoms which are 
deprived of their 
valence-electrons. 
These units are not 
7 [23 cations as no anions 
Wd MEE ae 8 Bee are present and the 

Periodic family electrons in the delo- 

calised system are 

Fig. 1.2. : Melting points of the metals as function of their location in the closely associated 
periodic table and their number of valence electrons with the atoms. 


(v) The loosely bound delocalised valence electrons of the metal can move freely within 
the crystal, as a result when a potential difference is applied across a metal, the electrons flow 
in one direction and thus a current is set up. This explains why a metal is a conductor of 
electricity. 

(vi) When one end of a metal piece is heated, the electrons of that part gain kinetic energy 
which causes the electrons to move faster in all directions. The fast moving electrons hit the 
electrons of the colder part of the metal and thus transfer the thermal energy. Due to such 
collisions heat is conducted throughout the metal. This explains the thermal conductivity of 
metal. 

(vii) The strength of the metallic bond increases with the increase of the number of electrons 
in the dalocalised system and a decrease in size of the atomic core which forms the structural 
units. Thus alkali metals form large cations. Each alkali metal atom has only one valence- 
electron to enter the delocalised system. As a result, the strength of the metallic bond becomes 


E 


Š 


Melting point (°С) 


ximumatGroup VIA. . 
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weak and consequently these metals exhibit low melting point and are malleable, ductile and 
soft. On the otherhand the transition metals form small cations and each atom can release a 
number of valence-electrons to enter the delocalised system. Consequently the metallic bond 
in such metals is strong. As a result these metals are hard having high melting point with high 
tensile strength. 


1.2. Occurrence of metals. 


(a) The metals which occur at higher position in the electro-chemical series, are 
strong electro-positive and hence very active. The standard reduction potential of 
these metals being negative, they react readily with oxygen, carbon di-oxide and 
moisture of air. Consequently these metals are never found as free or native state in 
the nature. These metals occur in nature in the form of their compounds. 

° (b) The metals occupying the central positions in the electro-chemical series 
having fairly high or low negative standard reduction potential values, are modera- 
tely reactive. These metals are also not found in nature in free state, but they occur 
in nature as various types of compounds such as oxides, carbonates, sulphides etc. 

(c) The metals which occur at the lower positions in the electro-chemical series are weak 
electro-positive and hence less reactive. The standard reduction potential values of these metals 
are positive and so they are not attacked by oxygen, moisture or CO; of atmosphere. 
Consequently these metals are found in free state. 

The chief source of metals is earth’s crust. Most of the metals occur in 
combination with non-metals in the form of compounds mixed with various 
impurities present in earth’s crust. In combined form metals are present as oxides, 
sulphides, chlorides, carbonates, sulphates, nitrates, silicates etc. Less active metals 
such as gold, silver, platinum are found to occur as free state. . 


Some of the forms in which metals occur in nature are given in the following table. 


FZO? 


As oxides Iron Haematite (Fe7O3), Magnetite (Fe;O,) 
Aluminium Bauxite (Al7O3, 290) 
Copper Cuprite (Cu20) 
Zinc Zincite (ZnO) 
Manganese Pyrolusite (MnO?) | 
As: sulphides е Copper Copper pyrites (Cu2S, Fe2S3) 
Zinc Zinc blende (ZnS) 
Lead Galena (PbS) 
As carbonates Iron Siderite (FeCO;) 
Copper Malachite [CuCO;, СОН) 
Calcium Lime stone (CaCO3) 
Magnesium Dolomite (MgCO3, CaCO;) 
As sulphates Calcium Gypsum (CaSO,, 290) 
Anglesite (PbSO,) 
Rock salt (NaCl) 


Carnallite (KCl, MgCl, 6,0) 

Cryolite (AIF, 3NoF) 

As silicates Sodium Sodium silicate (Na2SiO3) 
Calcium Asbestos (CaSiO;, 3MgSiO;) 
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€ Minerals and Ores : 


The naturally occurring metallic compounds found in earth's crust which can be obtained 
by mining are called minerals. A mineral may contain one or more than one metallic 
compounds. The minerals are almost fixed in chemical compositions. 

A metal may be present in a number of minerals, but all minerals are not suitable for the 
extraction of metals economically on a large scale. 

Ores : The minerals from which a particular metal can be extracted conveniently and 
economically are called ores of that particular metal. 

Haematite (ЕезОз) and iron pyrites (FeS?) are both minerals of iron. Both of them contain 
high percentage of iron. Of these two minerals, iron pyrites is not suitable for the extraction of 
iron on a large scale and so iron pyrites is not recognised as the ore of iron, as the cost of 
production of iron from this ore becomes high for removing the sulphur and the other 
impurities from the iron. On the other hand haematite is used conveniently and profitably to 
extract ion, hence haematite is a mineral as well as an ore of iron. Thus, we may conclude 
that, all ores are minerals but all the minerals are not ores. ` 


ө Gangue : 

The ores of metals are not pure. They are always contaminated with rocky and earthly 
impurities known as gangue or matrix. The common component of gangue is silica (SiO3). 

Gangue is the useless earthy impurities which are found to be present in an ore. 


1.3. Metallurgical processes. 


Metallurgy is the science and technology employed for the extraction of metals 
economically on a large scale from their respective ores. 

The metallurgy generally consists of the following operations which are employed on the 
basis of the nature of the ores, their location and the chemical characteristics of the metal 
concerned. (i) Concentration or dressing of ore, (ii) Calcination, (iii) Roasting, (iv) Smelting 
and reduction, (v) Refining. 


т. Concentration or dressing of ore : The ore which is mined, usually contains 
lai e amount of rocky impurities such as sand, clay, lime stone etc., which are called gangue. 
Consequently, before the extraction of the metal, it is essential to increase the metallic content 
of the ore by removing the gangue as far as possible. 5 

Before concentration, the ore is crushed and ground to powder and thus the particles of the 
minerals are broken and separated from the gangue. Concentration of ore is carried out by any 
one of the following methods depending upon the nature of the ore and the gangue. 

(i) Gravity separa- 
tion—washing with 
water : This process is 
applied where there is 
=<— Water well marked difference 
in the densities of the 
gangue and the ore. The 
crushed ore is washed 
by a current of water 
on a sloping table fitted 
with а series О 
corrugated boards. The 
table is kept vibrating 

Fig. 1.3 : Dressing of ore—grovity separation all the time. The lighter 
particles of gangue are washed off leaving the heavier particles of the ore behind. 


Crushed ое ~ 


Corrugated board 


Ore particles 


Sloping table 
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(ii) Oil floatation or froth floatation process : This method. is particularly applied to 
concentrate the sulphide ores such as copper pyrites, zinc blende, galena etc. This process of 
concentration is based on the different wetting 
characteristics of the sulphide particles and the 
particles of gangue present in the ore. The ‘finely 
powdered ore is mixed with waterin atank (floatation 
cell). Some amount of pine oilor creosote oil (frothers) 
and some xanthates like ethyl xanthate and sodium 
ethyl xanthate (collectors) are added to it. The mixture 
is agitated vigorously by blowing air through it. As 
a result, a lot,of froth is produced. The sulphide 
particles are preferentially wetted by the oil and are 
collected in the froth which rises up to the surface of 
the liquid. The silicious gangue particles are wetted 
by water and sinks to the bottom of the‘ tank. The 
sulphide particles are carried out along with the froths that overflow and are collected in a 
separate tank. 

(iii) Magnetic separation : The magnetic impurities present in an ore are separated by 
this method. The powdered ore is allowed to fall on a rubber belt moving round two rollers. 
One of the rollars is a strong magnet. The ore 
moves with the belt towards the magnetic 
roller and when the belt takes a turn near the 
magnet, the magnetic portion of the ore is 
attracted by the magnet and forms a separate 
heap. By this method, non-magnetic tin ore 
cassiterite (SnOz) is separated from the 
magnetic wolframite (FeWO,). 

(iv) Chemical method : In this process the 
: i - desired metallic component in the ore is 

vedi ا‎ dissolved selectively by digesting the powdered 
ore with a suitable reagent. The impurities are 
Fig. 1.5 : Magnetic separation left behind as undissolved residue. From the 
aqueous solution thus obtained, the derived metallic component is regenerated. 

In Bayer's process, bauxite (A103, 290), an ore of aluminium, is digested with 4096 
NaOH solution which dissolves all the Al;05 component in the оге to form soluble sodium 
aluminate and impurities like TiO; and FeO; are left as undissolved residue. 

Al,0; + 2NaOH = 2NaAlO, + НО 
From the aqueous solution of sodium aluminate, Al(OH) is precipitated by adding a little 
freshly prepared Al(OH)3. 
NaAIO; + 290 = Al(OH); 1 + NaOH 
The precipitate of Al(OH), is collected and is ignited to obtain pure alumina. 
ЗАКОН), = АО; + 3H20 T 


Na-xanthate, 
pine oil + water 


Froth with 
sulphide 

9 particles 
~> 


Gangue 


Fig. 1.4 : Oil floatation process 


Powdered ore 


2. Calcination : 

The conceritrated ore is further worked up to convert it into oxide form. This is done by 
calcination and roasting of the ore. 

Calcination is the process in which the concentrated ore is heated strongly below its 
fusion temperature in absence or limited supply of air. By this process (a) the moisture, carbon 
di-oxide and volatile impurities like sulphur, arsenic etc., are removed from the ores. (b) The 
carbonate ore is converted into oxide. (c) The ore becomes porous. 


CH-IU22 
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Thus, when calamine (ZnCO3) or magnesite (MgCO) is calcined, carbon di-oxide is given 
off in each case and zinc oxide and magnesium oxides are left behind respectively. 
ZnCO, lineation, упо + 00,1. ^ МЕСО; бюл, MgO + co, т 
Water is given off from the hydrated oxide ore such as brown haematite (Fe?O., 3H20); 
Fe,03, 3H,0 —alcination.. ре O, + 3HJO 1 

3. Roasting : 

The concentrated ore is further worked up to convert the sulphide ore into the oxide form. 
This is done by roasting. 

Roasting is the process in which the concentrated ore is heated to a high temperature 
(below the temperature of fusion) in presence of excess air. 

Roasting is usually applied in case of su/phide ores. In this process (a) the free sulphur, 
arsenic etc., are removed as volatile oxides (SO>, As203), (Б) the sulphides are converted to 
oxides or sulphates, (c) volatile impurities such as CO; moisture are expelled, (d) the lower 
oxides are converted to higher oxides, (e) the ores become porous. As for examples, 

(i) Zinc blende on being roasted is converted to oxide and sulphate, 

2ZnS 430; 22ZnO + 280, 1,  ZnS-20,-ZnSO, 


(ii) Galena (PbS) and spathic iron ore (FeCO;) on being roasted, SO; and CO; are expelled 

respectively, 
2PbS + 30, = 2РЬО + 250, 1, FeCO;=FeO+CO,T 

(iii) The lower oxide FeO of iron ore are oxidised to give higher oxide. 

4FeO + О, = 2Fe;0, 

[Sintering : It is the process of roasting the concentrated ore with incipient fusion at comparatively high 
temperature. Thus, sulphide ores such as zinc blende is roasted in air and sintered with incipient fusion at high 
temperature in order to convert the sulphide ore into oxide.] 

4. Smelting and reduction : 

Smelting is the process of conversion of roasted or calcined ore into metal in molten 
condition using a suitable reducing agent at high temperature in a current of air. When the 
extraction of metal is carried out at high temperature, the process is called pyrometallurgy. 

In smelting the roasted ore is mixed with a suitable reducing agent (coke) and a flux and the 
mixture is heated at a high temperature in a blast furnace in a current of hot air. The metallic 
oxide in the roasted ore being thus heated 
is reduced by coke to produce metal 
which melts at high temperature. The 
gangue present in the ore reacts with the 
flux to form slag. The molten metal 
along with the molten slag are collected 
in separate layers at the bottom of the 
furnace which are tapped out separately 
from the furnace. 

As for example, the roasted haema- 
tite ore is mixed with coke and lime- 
stone (flux) and smelted in blast fur- 

Fig. 1.6. nace at high temperature in a current of 
hot air. The coke is oxidised by the О» of air to form carbon monoxide which redu-ces Fe,03 
to iron. Silica, which is pre-sent in the ore as gangue reacts with CaO produced from limestone, 


GENERAL METALLURGICAL PROCESSES y. 


to form calcium silicate (slag). The molten iron along with the molten slag are collected at the 
bottom of the furnace in two separate layers which are tapped out. 
2c +0, = 2CO, CaCO; = СаО + CO; 


Fe,03 + ЗСО = 2Ее + ЗСО, Т, SiO, + CaO = CaSiO, (slag) 
5. Refining : sj 
Discussed in Art. No. 1.6. 


1.4. Gangue, flux and slag. 

The ores contain some refractory impurities (gangue) such as silica, FeO, MgO etc. 
These impurities found in ores are known as gangue. lt is difficult to remove these from the 
metals as they do not melt even at high temperature. Consequently, their presence creates a 
problem in the isolation and purification of metals. These impurities react chemically with 
some added substances at high temperature yielding fusible compounds. These compounds 
melt easily and forms a separate layer without mixing with the molten metals and thus can be 
removed easily. 

ө The flux isa substance which reacts with the gangue during smelting to form an easily 
fusible compound which can be removed from the molten metal easily. 

€ The slag is the fusible compound which is obtained by the reaction of the flux with the 
gangue present in the ore. 

Thus, Flux + Gangue = Slag. 

The gangue may be of two types— (i) acidic in nature such as silica, (ii) basic in nature 
such as CaO, MgO, FeO etc. 

The selection of flux depends on the chemical nature of the impurities present in the ore. 

(i) Ifthe impurities present in the ore are acidic in nature e.g., SiO», then a suitable basic 

flux like lime is used to remove the impurities. The basic flux reacts with the acidic impurities 
to form slag. For example, in the extraction of iron, to remove the acidic impurities such as 
silica, a basic flux such as limestone is added. Limestone at first decomposes to form calcium 
oxide which reacts with silica to form calcium silicate which is slag. \ 


CaCO; = СаО + СО», SiO, + CaO = CaSiO, 
„acidic basic slag 
impurity ух е 


(ii) When the impurities present in the ore are basic in nature e.g., СаО, FeO etc., then 
an acidic flux like silicais used to remove the basic impurities. For example, basic FeO is found 
to be present in the copper ore as impurity. An acidic flux namely silica is added to remove this 
basic impurity during smelting. A slag ferrous silicate is formed. 

FeO + SiO, = FeSiO, 
„basic ^ agidic slag 
impurity fox 
1.5. General methods of reduction in metallurgy. 

During the extraction of a metal from its ore, the metal ion of the ore is reduced to metal by 
accepting electron or electrons. Thus the extraction of a metal from its ore is nothing but a 
reduction process. The important methods of reduction in metallurgy are given below— 


1. Carbon reduction process : 

The metals which occupy the central positions in the electro-chemical series; such as Zn, 
Fe, Sn, Pb etc., are moderately reactive. Carbon reduction process is employed in the extrac- 
tion of such metals. The oxide ore or the other ores of such metals which can be converted to 
oxide by calcination or roasting, are reduced by coke at high temperature. Carbon monoxide 
which is produced by the incomplete combustion of coke, can also act as reducing agent. 
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(c) The metals which occur below aluminium in the electro-chemical series, can Бе 
extracted by the electrolysis of the aqueous solutions of their salts. This process (we 
process) is employed for the extraction of copper and zinc. The sulphide ores of these metals 
are oxidised to produce sulphates by calcination. The sulphates thus produced are dissolved їп 
dilute sulphuric acid. On passing electric current through the acidified solutions of the salts 
metals are deposited at the cathode. 

ZnS + 205 ZnSO,, ZnSO, = Zn** + SO; 
At cathode: Zn** + 2е = Zn. z 

5. Thermal decomposition method : 

This method is employed only in cases of those metals whose oxides are thermally 
unstable. Thus mercury is extracted from its sulphide ore cinnabar, by this method. This ore 
is first heated in a sufficient supply o! sir when the sulphide ore is converted to oxide. The oxide 
thus produced is thermally decomposed to give mercury. | 

2HgS + 30, 22HgO +2$О0,Т, 2HgO=2Hg +0,T | 

[In the extraction of active metals like Ма, К, Ca, Al etc., the aqueous solutions of the metal salts are not used 
for electrolysis, as the metals react with water. Moreover the H* ions of water are reduced to hydrogen before 
cations of the metals are reduced.] 

© Reduction process and thermodynamical aspects : 

Carbon is the most versatile of all reducing agents used in the metallurgy. At high 
temperature it reduces many metallic oxides e.g., ZnO, FeO; etc., to metallic state. The second 
law of thermodynamics explains why carbon can reduce a metallic oxide at high temperature 
while at low temperature the reverse is the case. Let us take the example of the reduction of zinc 
oxide by coke. 


وجا 
calcination‏ 


ZnO +С = Zn + CO. 
The above equilibrium involves (a) formation of ZnO from Zn and oxygen and 
(b) formation of CO from C and O». 
Zn4 10, э ZnO — (1) (PIOS QD ma (2) 
The reduction of ZnO will be spontaneous if the difference between the Standard free energy 
change in the formation of CO and ZnO becomes negative i.e., AGco— АС oi is negative. - 
From the second law of thermodynamics, we get 
AG! = AH? - TAS? 
For the reaction C + $0; — CO, AH? is negative and AS? is positive. Hence AG 
becomes more negative at high temperature. 
For the reaction Zn + 30, — ZnO both AH? and AS? are negatives. Hence AG? become 
less negative as the temperature rises. Normally the free energy change AG? decreases will 
the rise of temperature. At a specific temperature AG? for the formation of CO will be топ 
negative than that for the formation of ZnO. At this temperature the reduction of ZnO will o 
i.e., AG? for the reduction ZnO + C = Zn + СО will be negative. Now ЛС? for the reaction 
7п+10 > ZnO is-76kcal/mole : 
and C +40; ә CO is-33kcal / mole at 25°C 
АСО = Або = -33- (C76) = + 43 k cal / mole 
This is the AG? value for the reaction ZnO + C — Zn + CO. Since AG? value is positive, f 
reduction of ZnO by carbon is not possible at 25?C. ) 
Now at 1200°C, AG? value for the reaction Zn +} О, 4 ZnO is 42 k cal/mole and AC 
value for the reaction C + +O, 4 CO is —57 k cal/mole. So at 1200°C, 


AG? - АС? о = —57— (42) = -15 К cal/mole. 
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Since AG? value becomes negative, the reduction of ZnO by coke is spontaneous at 
1200°C. This explains why in all the carbon reduction processes the temperature must be 
high. This is illustrated in the 200 
graph (Fig. 1.8) which is 
known as Ellingham diagram 
indicating the change of 
AG? with temperatures. The 
graph shows the tempera- 
tures at which the carbon 
reduction becomes theoreti- _ -200 
cally possible. 

A close scrutiny of the 
graph exhibits the following 
features : 

(i) Since AG? decreases 
with the rise of temperature 
the graph will have upward 
slopes. 

(ii) The free-energy 
changes follow a straight 
line. However, when the sub- 
stance melts or vaporises, the 
slope of the line changes. This 
is due to large change in AS 1000 
value associated with the 
change of state. Thus, Hg- 

HgO line changes slope at 1200) 
356°C (Б.р. of Hg), Ca-CaO 

at 1440?C and Mg-MgO 00 
changes at about 1120°С. 0 ra T р " 

(ii) When the graph : 
crosses AG? = 0 line with Но. 1.8. : Ellingham diagram showing the change in free energy AG 
increase of temperature, the with temperature for oxides (based on 1g mol of oxygen in each case) 
freeenergy formation of oxide changes from negative to positive value. It means that the oxide 
is unstable and undergoes thermal decom-position into metal апа О». Although from this 
diagram, it follows that theoretically all metal oxides are decomposed into metal and О), but 
in practice, only Hg, Au, Ag are generally extracted by thermal decomposition of their oxides. 

(iv) The eligibility of metal as reducing agent in the reduction of metal oxide is also 
obtained from this diagram. Any metal will reduce the oxides of other metals which lie above 
in the diagram. This is because, the free energy will become more negative by an amount 
equal to the difference between the two graphs at that temperature. Thus Al reduces Cr;O;, 
Fe;0s, TiO; etc. . 

(v) Carbon line slopes downward at around 710°С. Hence carbon сап be used as a reducing 
agent at higher temperature. The graph shows the temperature when the oxide line cuts the 
carbon line. This is the temperature of reduction of the oxide by carbon. Thus MgO is reduced 
at 1650°C, ZnO at 950°C, FeO at 725°C and so on. 

Thermodynamic arguments regarding the reduction of metal oxides by carbon suffers 
from three limitations— 

(a) Formation of carbides at high temperature by the metal. 

(b) Incorrect assumption of the equilibrium between the reactants and products. 

(c) Maintaining silence about the rate of reaction (slow or fast) and possibility of side 
reaction which is a common feature in the metallurgy. 


Change in Free Energy A С°, kj mol! 
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1.6. Refining of impure metals. 

Metals extracted from any of the above methods are not perfectly pure. They may contain 
small amounts of impurities of other metals, dissolved oxides, sulphides, carbon etc. Hence 
crude metals need refining. The process of refining vary from metal to metal according to the 
nature of the impurities present in the crude metal. Two methods are mainly employed for the 
refining of crude metals— 

(1) Thermal refining, (2) Electro-refining. 

1. Thermal refining : 

(a) Oxidation by air and poling : In this process, the crude metal is melted and air is blown 
through the molten metal. As the more basic impurities are easily oxidisable, they are readily 

oxidised by the O» of air. The volatile oxides thus formed escape and the non volatile oxides 
float on the molten meta! as scum, which are removed. A small portion of the metal may be 
oxidised in this process. The molten metal is stirred with green poles of wood (poling). As a 
result the reducing gases liberating from the heated wood reduce the metallic oxide formed to 
produce metal. To prevent reoxidation by air, the molten metal is covered with coke. Crude 
copper and tin are purified by this method. 

(b) Fractional distillation : In this process the crude metal is subjected to fractional 
distillation, when the impurities having lower boiling points than that of the metal, distill off 
first leaving behind the pure metal as residue. If the boiling points of the impurities are found 
to be greater than that of the metal, the metal distills off first which is collected in a condenser. 
The impurities are left behind as residue. 

As for example, zine contains impurities like cadmium, iron and lead. When the 

crude zinc is heated, cadmium having the least boiling point (767°C) distills off first and 
thus removed. Now the temperature is raised to the 
} boiling point of zinc (920°С) when zinc distills off 
and is collected. The boiling points of iron and lead 
being higher, are left behind as residue. 

(c) Liquation : Ingots of crude metal are 
kept at the top of a sloping hearth of a special 
type of furnace and the temperature is maintained 
slightly above the melting point of the metal to 
be purified. The pure metal melts and flows down 
the sloping hearth and collects in a receiver at 
the bottom of the slope. The impurities having 
high melting points are left behind. Metals having 
low boiling points, like tin, lead, bismuth etc., are 
purified by this method. 

к (d) Zone refining : This process is based on 

Fig. 1.9 : Liquation process of refining metals the fact that the presence of impurities lowers the 
melting point of a metal. Consequently the impure molten metal on resolidification, the pure 
metal first crystallises out leaving behind the impurities in the molten metal. 

A circular heater is fitted around a rod of impure metal and the heater is slowly moved 
down the rod. The metal rod melts at the heated zone. As the heater moves down the rod, 
pure metal recrystallises out of the:melt and the impurities in the metal pass into the 
adjecent molten zone. Thus by moving the heater slowly along the metal rod, the impurities 
are swept to the other end of the rod which is subsequently discarded. Metals like 
germanium, and gallium of high purity which are used as semiconductors, are purified by 
this process. 


Furnace 
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(e) Vapour phase refining—Mond process : In this process the impure metal is converted 
into its volatile compound when the impurities are left behind. The volatile compounds thus 
formed are decomposed to pure metal. Thus impure nickel is reacted with carbon monoxide at 
60°C when volatile nickel carbonyl is formed leaving behind the solid impurities, 

Ni (s) +4 СО (g) = Ni(CO), (а) 

Nickel carbonyl is decomposed at 150°C — 180°C to get back pure nickel. СО gas is 
recirculated. 

Ni(CO), (g) = Ni (5) + 4 CO (g) 

(f) Van-Arkel process : In this process, the impure metal is converted into its volatile 
compound when the impurities arc left behind. The pure compound thus produced is decompo- 
sed to get back the pure metal. This method is employed in the purification of zirconium, 
titanium etc. The crude zirconium is converted to zirconium tetra iodide in an evacuated 
glass apparatus. The vapours of the zirconium tetra iodide are then decomposed in contact 
with a hot filament when pure zirconium is deposited on the filament. 

2. Electrolytic refining : 

This method isextensively used in purifying many metals such as copper, silver, lead, zinc, 
tin, nickel etc. An electrolytic cell is set up by using blocks of crude metal as anode and thin 
strips of pure metal as cathode. The electrolyte is an aqueous solution of a suitable salt of the 
metal. On passing electric current pure metal is deposited on the cathode and an equivalent 
amount of the metal gets into the solution from the anode. The more basic impurities are left 
into the solution and the less reactive impurities fall down the anode as anode mud. For 
example—in the electrolytic refining of blister copper, blocks of blister copper are suspended 
in a bath of copper sulphate solution. Small amount of dil. H)SO, is added to the solution to 
prevent hydrolysis. These blocks of blister copper are used as anode. Thin strips of pure copper 
are suspended in the bath which are used as cathode. On passing electric current through the 
solution, Cu** ions move towards the cathode and are reduced to metallic copper collecting 
electrons. 

At cathode: Cu** + 2e = Cu. 

As a result the number of Cu** ions in the solution becomes less than that of SO; "ions. 
Consequently to maintain the solution electrically neutral, copper at the anode is oxidised to 
supply necessary Cu** ions to the solutions. 

Atanode: Cu 4 Си! 42e 

Thus the Cu** ions from the anode pass into the solution which move towards the cathode 

and are deposited as metal. 


1.7. Alloys and amalgams. 

Analloyisa homogeneous metallic material, which contains two or more metals as a solid 
solution or a compound of two or more elements of which at least one is a metal. 

When one of the constituent metal of an alloy is mercury, it is called amalgam, 

[A] Classification of alloys : 

Alloys are usually classified as (i) Ferrous alloys and (ii) Non-ferrous alloys. 

(i) Ferrous alloys : Alloy which contains iron as one of its constituents is called Ferrous 
alloy e.g., Stainless steel (Cr + Fe + Ni). 

(ii) Non-ferrous alloys : An alloy which does not contain iron is called non ferrous alloy 
e.g., Brass (Си + Zn), Bell metal (Cu + Sn). 

[B] Characteristics of alloys. 

Both the physical and chemical properties of an alloy differ much from those of its 
constituents. Alloys are prepared to develop some properties which are not found in the 
constituents. 
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Some of the objects of preparing alloys are given below :— 

(i) Superior casting : Туре metal (Pb-80% + Sb-16% + Sn-496) contains Sb which 
expands on solidification. Consequently it takes a sharp impression of the mould. Thus an alloy 
increases the casting property. 

(ii) Melting point : The melting points of alloys are lower than those of the component 
metals. Thus another object of preparing alloy is to decrease the melting points e. £^ woods 
metal (5% Bi + 25% Pb + 12596 Sn + 12/596 Cd) melts at 70°C. 

(iii) Hardness : Alloys are harder than the metals or non metals (if any) of which it is 
made. Thus steel alloy (999% Fe + 0` 1% C) is harder than cast iron. Thus alloy increases the 
hardness. 

(iv) Resistance to corrosion : Alloys are prepared to increase the resistance to corrosion. 
Thus stainless steel is more resistant to corrosion than iron. 

(v) Tenacity : The tenacity of copper is doubled on addition of 596 silicon to it. 

(vi) Modification of chemical activity : The alloys are prepared to modify the chemical 
activity of the constituent metals. Iron gets rusted by the action of moisture and О; of air, but 
its alloy stainless steel is rustless. 

[C] Preparation of alloys : 

(i) By fusion : The constituent metals are mixed together is a definite proportion in a big 
fire clay crucible and melted. The molten mass is stirred with charcoal powder to prevent 
oxidation at the surface. The molten mass on cooling gives the desired alloy. Alloys like brass 
(90% Cu + 10% Zn), bronze (90% Сц,+ 10% Sn) are prepared by this process. - 

(ii) By reduction : The oxides of the constituent metals are mixed together in a definite ratio 
which are then reduced by carbon to give the required alloy. Thus, aluminium bronze is 
prepared by heating aluminium oxide and carbon in presence of copper. 

АО; + 3C + Cu = (Al + Cu) + ЗСО. 

(iii) By compression : The required constituent metals are first converted into thin sheets 
and then rolled together and hammared under high pressure to give the alloy. Alloys like solder 
(5096 Pb + 50% Sn) is obtained by this process. 

(iv) By simultaneous electro-deposition : An aqueous solution of the salts of the compo- 
nent metals is taken in an electrolytic cell and electric current is passed when the desired metals 
are deposited simultaneously on the cathode to give the desired alloy. On electrolysis of a 
solution containing copper and zinc cyanides in potassium cyanide gives brass. 

Amalgams : Amalgams are prepared by treating metals like tin, zinc, gold, sodium, silver 
etc., with mercury. 

(i) Sodium amalgam decreases the reactivity of sodium. It is used as a reducing agent 
specially to reduce organic compounds. (ii) Silverand gold amalgams are used in filling dental 
cavities. (iii) Тїп amalgam is used for silvering mirrors. 

€ Some of the useful alloys with their compositions and uses are given below :— 


Uses 


Utensils, pipes, telescope, barometer, mechinary 
parts, water tap etc. 


(1) Brass Су(60 - 80), 21(40 - 20) 


(2) Bell metal Cu(80), Sn(20) Bells and utensils 

(3) Bronze Cu(70 - 90), Sn(10 - 30) vtensils, statues, coins, medals, ornaments 

(4) German Silver Cu-50, Zn-25, Ni-25 Resistance coils, utensils, ornamental wares 

(5) Monel metal Cu-30, Fe and Mn-3, Ni-57 | Pumps, acid containers, construction of chemical 


plants 
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(6) Aluminium bronze | Cu 90, Al 10 Ornaments, coinage, photo frames, golden paints 
(7) Gun metal Си-87, Sn-10, Zn-3 [Barrels of gun, gears and casting 

(8) Duralumin AI-95, Cu-4, Mg-0'5, Mn-0' 5| Aeroplane and automobile parts 

(9) Magnelium Al-98, Mg-2 Beams of balance and light machines 

(10) Type metal Pb-75, Sb-20,Sn-5 — С types 

(11)Common solder _ | Pb-50, Sn-50 Soldering 

(12) Stainless Steel Cr{14-18), Ni(7-9], Fe(79-79)| Utensils, automobile parts, surgical apparatus 
(13) Electron Mg-95, Zn-4'5, Cu-0'5 Aeroplane and automobile parts 

(14) Constantan Cu-60, Ni-40 High resistance coils, electrical apparatus 

(15) Pewter Water reservoirs. 


Pb-25, Sn-75 


1.8. Different types of furnaces used in metallurgy. 

In metallurgy, the processes of calcination, roasting, smelting etc., are carried out in 
different types of furnaces. The furnaces which are generally used in the metallurgy are 
(i) Blast furnace, (ii) Reverberatory furnace, (iii) Multiple hearth furnace, (iv) Muffle 
furnace, (v) Electric furnace. 

The principles of operations of different types of furnaces are given below— 

(i) Blast furnace : Smelting of the roasted ore is carried out in this furnace. Fuel, coke and 
the roasted ore are mixed and is introduced into the furnace and hot air blast is sent into the 
furnace, The temperature of the lower zone of the furnace is 1100°C to 1500°C. The roasted 
ore is reduced to give metal and the impurities combine with the flux to form slag. The slag with 
the molten metal are taken out from the furnace from two separate tap holes at the bottom. 


Charge 
ji 
Al J Cup and Cone Hot gases 

[ГА Сү arrangement B Charge 


Conc. ore 


Fig. 1.10 :, Blast furnace Fig. 1.11 : Reverberatory furnace 


(ii) Reverberatory furnace : This furnace is meant for roasting and calcination. The 
concentrated ore is introduced into the hearth through a hopper at the top. In this furnace the 
fuels are burnt in a separate place of the furnace. The hı ; ases produced by the burning of fuels 
come in contact with the ore and thus the concentrated ore is heated not directly over fire but 
by the hot gases produced in the fire place. The roof of the furnace is low and is made slanting 
so that the hot gases from the fire place are reflected by the roof over the hearth. 

(iii) Muffle furnace : Muffle furnace is an enclosed chamber which contains the charge. 
The charge is heated externally and thus the charge does not come in direct contact with the fuel. 
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(iv) Electric furnace : This furnace is used in those cases where a very high temperature 
is necessary. A high temperature is produced in this furnace by means of an electric arc struck 
between two graphite electrodes. Е 


1.9. Chemical properties of metals in the light of their positions in the 
electro-chemical series. 

Electro-chemical series is a series in which the metals are arranged in decreasing order of 
their tendency to lose electrons, A metal which occurs at the higher position in the electro- 
chemical series is more reactive than the metal below it. The most electro-positive metals 
having stronger chemical activity and reducing power, occupy the top and the less electro- 
positive metals are placed at the bottom. 

The general properties of metals are discussed in the light of their positions in the clectro- 
chemical series. 

Decreasing tendency to give up electrons — 


К, Ca, Na, Mg, Al, Zn, Fe, Sn, Pb, [Ho] Cu. Hg, Ag, Au 


Decreases chemical reactivity — 

(i) Action on air or oxygen : Perfectly dry air has got no action on metals. (a) The most 
electro-positive metals such as К, Ca, Na etc,, react readily with moist air to form the respective 
oxides, which react with the moisture to form hydroxides which are subsequently 

* converted to respective carbonates by reacting with the atmospheric CO». These 
metals burn in oxygen when heated to form oxides. These oxides are very stable and 
can not be reduced by carbon or hydrogen. Magnesium and aluminium are attacked 
by moist air with the formation of a layer of oxides of the metals on their surface. The 
thin film of oxides protect them from further attack. 

(b) Metals occupying the central positions, do not burn in oxygen when heated but form 
the oxides. These oxides are reduced by carbon at high temperature. 

(c) The metals below hydrogen (Cu, Hg, Ар, Au) have less affinity for oxygen. 

These metals however form their oxides when reacted with oxygen at high 
temperature, but these oxides are not stable. They are thermally decomposed to 

give the metals with the evolution of oxygen. The oxides of Hg and Ag are decomposed to gi ve 
the respective metals by heat. 


2HgO = 2Hg + О, 

(d) Ca, Mg, Al when heated in air, combine with the nitrogen to form the respective 

nitrides. 
ЗСа + № = Саум, 2А1+ №, =2 AIN 

(ii) Nature of the metallic oxides : The higher the position of the metal іп the series the 
greater will be basicity ofthe metallic oxide. Thus the basicity of the oxides of metals decreases 
as Tollows— 

Na;O > MgO > А0; > FeO > CuO 

(iii) Action with water : The reactivity of metals with water increases with the increasing 
electro-positive character of the metals. 

(a) The metals (K, Ca, Na) which occupy the higher positions in the electro-chemical 
series react vigorously with water at ordinary temperature liberating Hz. 

2Na + 2H;O = 2NaOH + Hp, 2K + 29,0 = 2KOH +H, 

(b) Mg, Al do not react with water at ordinary temperature but Mg and Al react with 

boiling water liberating Нз, 
Mg +2H,O = Mg(OH) * Н, 2Al + 6H;O = 2АКОН); + 3H; 
Mg reacts with steam producing its oxide and hydrogen. 
(c) Zinc and iron in red hot condition react with steam to liberate Н». 
Zn + HO = ZnO +H), 3Fe + 4H;O = FeO, + 4H; 
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(iv) Action with non oxidising acids (HCl and dil. H SO) : Metals which are above 
hydrogen in the series (with the exception of Pb) react with HCI and dil HySO, and in each case 
the replaceable H of the acids are replaced by these metals. The metals which are below Н ; such 
as Cu, Hg, Au ete., do not react with these acids. 

Zn + H50; = ZnSO, + Н, , 

(v) Action with the oxidising acids (HNO, and сопс. Н 5O,) : Metals. which om above 
hydrogen, react with conc. H)SO, or HNO, liberating Hy, but the Hy thus liberated.is readily, 
oxidised by the nascent oxygen given off by Lepr acids to form water, Аз a result, 
Н; does not evolve. — 

Zn + HSO ZnSO, + Ha 
~ H80; = H)0+ SO; +0 
H;*O = НО 

Zn + 2H,SO, = ZnSO, + SO; + 2H;O 

Metals below hydrogen such as Cu, Hg, Ag ete., are oxidised at firstiby cone, H58O, or 
HNO, with the formation of the —- oxides which react with the acids to form salt and 
water, 

2HNO, = но +2NO)+0 
“Си+О = CuO A ^ 
CuO + 2HNO, = симо»), +90 i 2i 
... Cu * AHNO; = Cu(NO;); + 2NO; * 2H,0 

(vi) Action with hydrogen : Strong clectro-positive metals like Na, К, Ca react with 

hydrogen at hightentparenine оргодол which em ion aumpoundt, Other metals 


do not form hydrides, 
2 №+ Н; = 2 NaH, Cat Hra Cals. 


(vii) Reducing property : As the strong electro-positive metals have the greater tendency 
to give off electrons and behave as strong reducing agents. The reducing property gradually 
decreases with the decrease of electro-positive character of the metals. Thus magnesium is а 
stronger reducing agent than iron. 8 

(viii) Displacement action : A metal which occurs at the higher position in the series, can 
displace a metal below it from the aqueous solution of its salts. As for example, iron occupies 
a higher position than copperin the electro-chemical series, So iron can displace copper from 
an aqueous solution of CuSO,. As iron is more clectro-positive than copper, it has a greater 
tendency to give off *lectrons and consequently when it comes in contact with CuSO, solution, 
it gives up electrons to form Fe** ion and goes into the solution. Си?" ion in the solution collects 
these electrons to form metallic copper. 

CuSO, == Cut tso] 
Fé-2e = Fe", — Cu'* «2e = Cu. 


® Questions e 


Y. What are minerals and ores ? Whot is the difference between them ? TW.B.H.5. ^92] 

2. What is meant by the term "Melollurgy! ? What is ore dressing ? Why їз it essential 7 

3. "v IHRER (ii) ores, (iil) Чо, (м flux, (s) gangues, used in 
metallurgy. Give examples. 1W.B.H.5. "92 

4. Whotis meant by calcination and roasting ? What is the basic difference between calcination and roasting? 

5. Write short notes on —{i) Собол reduction process, [ii] Self reduction process [J.E-E. 786], (iii) Thermit 
process [W.B.H.S. "87, W.B.J.E.E, ‘941, (iv) Smelting, (v) Colcination ond (м) Anode mud. 
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Group I A of the periodic table consists of Lithium, Sodium, Potassium, Rubidium, - 
Caesium and Francium. These are known as alkali metals as their oxides and hydroxides 
form strong alkalis with water. Francium is radioactive. Since the electronic configurations of | 
these elements are similar, their chemical properties are nearly the same. The physical 


2 
properties of these elements are tabulated below— - 


Properties Ы Na | K Rb Cs 

(1). Atomic number Wo 3 n 19 37 55 

(2) Period number 2 ib uisa i e 6 

(3) Atomic weight 694 | 2299 | 391 | 8548 | 13291 
(4) Outermost elecironic configuration | 2s 3s 4s! 5 FE és! 

(5) Density of 20°C (g/ml) 0534 | 0:972 | 0859 | 1,53 КИ! 
(6) Atomic Volume (cc) 1297 | 2368 | 4536 | 558 | 69.95 | 
(7) Melting point (°С) | 180 978 | 640 | 390 | 285 | 
(8) Boiling point (°С) 1326 | 883 | 756 688 690 

(9) Atomic radius (A) 134-0) 21:54 1.97 241 2.25, || 
(10) lonic radius (À) 040 | 095 1.33 1.48 1691 
(11) E, volt 304 | 271 232 299 | 299 
(12) lonisation potential {kJ mole") 5201 | 4972 | ав | 40 | 3757 | 
(13) Electro negativity (Pauling scale) 1.0 | 7709. 0.8 0.8 07 
(14) Heat of atomisation (ki/mole) ^ | 159 | 1081 | 902 82.1 72 


@ Similarities in Physical Properties : z е 

(i) Electronic configurations : The outermost shells of these elements һауе one `$) 
electron (s! electron) while the penultimate shell contains 8 electrons (Li is exception). i 

(ii) Valency : Since each element of this group consists of a single electron in the valence _ 
cell, they exhibit a uniform valency of 1. 

(iii) Density : Density of alkali metals increases from Li to Cs. Potassium is however 
lighter than sodium. Li, Na and K are lighter than water. Lithium is the lightest metal 
(density 0.53). ‘ 

(iv) Softness : АП alkali metals are soft and the melting points of these metals are low which 
decrease from Li to Cs. We know that the strength of the metallic bond i.e., cohesive energy 
in the crystal lattice of the metal depends upon the average number of unpaired electrons 
available for bonding on each atom. As the number of electrons increases, the strength of the 
metallic bond also increases. Since there is only one valency electron in the alkali metals, the 
cohesive force is rather weak. This is reflected in the low values of the melting points of the 
alkali metals. 

(v) Atomic size : The size of an alkali metal is the largest as compared to other elements 
in a particular period e.g., the atomic size of Li is the largest in the second period. There is an а 
increase of atomic size as we move from Li to Cs, as the outermost principal quantum number 
increases from Li to Cs. 


ALKALI METALS 21 


(vi) Ionisation energy and electro-positive character : Due to the larger atomic size, the 
attraction between the nucleus and the outermost electron is much less in case of alkali metals. 
Consequently the ionisation energy of these metals are relatively low. The ionisation energy 
decreases from Li to Cs. Due to their low ionisation energies, these metals have greater 
tendency to loose the ns! electron and to form ions. Thus they exhibit strong electro-positive 
(metallic) character. The electropositive character increases in going down from Li to Cs. The 
low values of the ionisation energy accounts for the strong reducing power of the alkali metals. 

(vii) Electro-negativity : The alkali metals have very low values of electro-negativity. The 
electro-negativity of these metals decreases from Li to Cs. 

(viii) Oxidation state : Due to low ionisation energy, these metals can easily form 
univalent positive ions by losing its single electron, but the second ionisation energy of these 
metals are very high. Consequently it is not possible to form divalent cations in any of their 
compounds. So they always exhibit +1 oxidation state. 

(ix) Colour of flame : The heat energy of the flame causes the outermost electrons to 
move to the higher energy levels which on dropping back to their original energy level, 
liberate energy as visible light. Consequently these metals give characteristic colours to the 
bunsen flame. Thus Li imparts crimson red, sodium golden yellow colour while potassium 
imparts violet colour to the flame. 

(x) Hydration of ions : The energy released during the hydration of ions is known as 
hydration energy. All the alkali metal salts except those of lithium, are ionic and hence soluble 
is water (a solvent of high dielectric constant). The solubility of the salts of alkali metals in 
water is because of the fact that the cations of the salts become hydrated by polar water 
molecules. As the degree of hydration depends upon the size of the cation, the Li” ion being the 
smallest, is mostly hydrated while Cs* ion being the largest, is least hydrated. The respective 
ionic radii and the degree of hydration are shown below— 

Relative ionic radii: Cs* > Rb’ > К? > Na” > Li” 
Relative degree of hydration : Li* » Na* » K* » Rb* » Cs* 

As Li* ions are heavily hydrated, moves very slowly under the influence of electric current 
and so the aqueous solution of Li salts have the lowest and that of Cs salts have the highest 
mobility in an electric field. 

(xi) Solubility of alkali metals in liquid ammonia : All alkali metals are soluble in liquid 
ammonia and the dilute solution gives a blue colour. The colour depends on the concentration 
of the solution. The solution of alkali metals in ammonia contains ammoniated metal cations 
and ammoniated electrons. 4 

М > M +e 
M*+xNH; > [M(NHjJ* 
e+yNH, — [e (ЧН) 
ә 


M+ +y) NH, > (M(NH)JI + [e (NH)J: 


Ammoniated  Ammoniated 
metal cation electron 


Due to the presence of ammoniated electrons, the blue solution has high electrical 
conductivity. 

The ammoniacal solution of alkali metals is a powerful reducing agent due to the presence 
of free ammoniated electrons. The solution is paramagnetic due to the presence of unpaired 
electrons. 

(xii) Reducing property : A reducing agent is characterised by its low ionisation energy. 
Since the ionisation energy decreases down the Group I form Li to Cs, it is expected that Cs will 
be the strongest reducing agent among the alkali metals. Again we know that higher the standard 


CH-11/23 
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oxidation potential of an element, the higher is its tendency to lose electrons in solution and 
stronger is its reducing power. The values of the standard oxidation potential E,, is given in the 


jacent table. Since E,;,,;+ is maximum it i 

| Element | Reaction — | а дуд ‘hep = 
j i* + 
+ 


= expected that Li is the strongest reducing agent 
Lu Рр "ерте r7] 7395] among the alkali metals. Thus when we consider 
[Ne | Ne Ness | 27 | 


strongest reducing agent but E° value suggests 


e 
H the ionisation energy value, Cs becomes the 
AP that Li is the strongest reducing agent. This 


li 
Na 
discrepancy can be explained if we remember 
that ionisation energy is the property of an atom 


' in its gaseous isolated state, while oxidation potential is the property of an atom in aqueous 
medium. 


(D M(g) Э M*(g) +e (Іопіѕайоп energy) 
(П) M(s) ә M'(aq) + e (Oxidation potential) 
The second equation actually takes place in three steps as shown in the Born Haber Cycle, 
which is illustrated here. 5 


" 

S = Sublimation energy, ILE. = Ionisation energy, me 2 
А Н = Hydration energy. 

The S of all the alkali metals are more or less the c7. LE. 
same. The /.E. is maximum for Li but minimum for Cs, di 
butthe A H of Liisexperimentally found to be maximum 
due to its smallest size. As shown in the given cycle M'(ad) АН М +e 


oxidation potential gives the tendency for overall 
changes and naturally depends upon 3 steps. The overall changes i.e., 5 + Z.E. + A H is max- 
imum for Li. The hydration energy of Li is so high which compensates its higher Z.E. value i.e., 
higher energy which is required to remove its outermost electron. Thus higher energy is 
released when Li(s) is converted to Li*(ag) in comparison to Cs(s) to Cs*(aq). This explains 
the highest E, value of Li/Li* system confirming the fact that Li is the strongest reducing 
agent and not Cs. 
€ Similarities in chemical properties : 

(i) Reactivity: Asthealkali metals have astrong tendency to lose their outermost electrons, 
they are very reactive and has strong affinity for the strong electro-negative elements to form 
ionic compounds. 

(ii) Occurrence : Asthese metals are extremely reactive, they do not occur free in nature— 
they are found in nature as combined state. 

(iii) Extraction : Astheiroxides are very stable, it is not possible to extract them by carbon 
reduction process. They are extracted by the electrolysis of their fused chlorides, or fused 
hydroxides. 

(iv) Reducing power : Due to the low ionisation energy, these metals can readily lose their 
valence electron and consequently all of them are powerful reducing agents. 

(v) Action with air and oxygen: They have strong affinity for oxygen and so readily 
turnish when kept exposed in air, due to the formation of a layer of their oxides on the 
surface. 

(vi) Action with water : These metals vigorously react with water at room temperature with 
the formation of their hydroxides which are strong alkaline. The reactivity of the alkali metals 
towards water increases from Li to Cs. 

(vii) Action with Н, : These metals combine with hydrogen at high temperature with the 
formation of white crystalline hydrides. The affinity to combine with H; decreases from Li 
to Cs. These hydrides are ionic compounds in which hydrogen is present as H ion. 
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(viii) Nature of carbonates and bicarbonates : Carbonates and bicarbonates of these 
metals are highly stable to heat. The stability of these salts increases from Li to Cs. 

(ix) Formation of halides : Alkali metals have strong affinity for the halogens and directly 
combine with the halogens to form Aalides. 


(ix) Nature of nitrates : The nitrates of alkali metals decompose thermally to form the 
corresponding nitrites and oxygen (with the exception of Li NO3). 


(x) Complex formation : For the formation of a complex compound, a metal atom should 
have—(i) small size, (ii) high nuclear charge, (iii) tendency to accept electronsi.e., should have 
empty orbitals. As the atoms of alkali metals have none of these properties, they have very little 
tendency to form complex compounds. Only Li has some tendency to form complex. The alkali 
metal ions are too large to form complexes readily but chelate complexes with salicyaldehyde, 
acetyl acetone etc., are known e.g. 


H 

dum E 

X ibis Non p pd 
H 


H H 

Recently, it has been found that with certain poly ether, Li, K etc., form a special type of 

complexes known as ‘Crown ether complexes’ in which the O-atoms of ether lie in a nearly 

planer arrangement about the central alkali metal atom and the rest of molecules lie in a crowny 
arrangement. One example of such legand is Dibenzo-18-Crown-6. 


€ SODIUM ө 


Symbol : Na Electronic Configuration. : 15225220535! MP. a 975°C 
Atomic No. DM Oxidation State : +1 | В.Р. : 883°C 
Atomic Weight: 22.99 Electro-negetivity : 09 Atomic radius : 1.54 A 


1 


2.1. Occurrence of Sodium. 


' As the alkali metals are strongly electro-positive, they are extremely reactive. They readily 
react with O», CO, and moisture of air and consequently they are never found free іп nature— 
they are distributed in nature as various compounds e.g., chlorides, nitrates, carbonates and 


silicates. 

Sodium occurs in nature chiefly as— 

(1) Sodium chloride or Common salt (NaCl) which is found in sea water and lakes and as 
rock salt. 

(2) Sodium nitrate or Chile salt petre (NaNO:) which is found in Chile of South America. 

(3) Sodium carbonate (Na,CO,), which is known as ‘Sajimati’ in India and ‘Trona’ in 
Egypt. 

(4) Sodium tetraborate or Borax (Na;B,O;, І0Н,0). 

(5) Sodium sulphate (Na,SO,) found in spring water. 

(6) Cryolite (3NaF, AIF;) 

(7) Felsper [NaAl(SiO,),] found as silicate in nature. 


2.2. Extraction of meta: sodium, 

Alkali metals cannot be extracted by carbon reduction process due to the following 
réasons— 

(i) The alkali metals occupy higher positions in the electro-chemical series and so they are 
strongly electro-positive. As a result they have strong affinity for oxygen and their oxides are 
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very stable. Consequently their oxides are not reduced to metal by heating with carbon even at 
high temperatures. 

(ii) Sodium carbonate can not be converted to oxide on strong heating and it can not be 
reduced by carbon at elevated temperatures. 


(iii) Alkali metals are themselves very strong reducing agents and consequently they can 
not be prepared by the reduction of their oxides. 

(iv) The alkali metals are very reactive chemically, so they react with water at ordinary 
temperature. So it is not possible to displace them from their aqueous solutions by using higher 
electro-positive element. 

(v) Electrolysis of the aqueous solutions of their salts is of no use, as it leads to the evolution 
of hydrogen at the cathode instead of the metals. This is because of the fact that, in the case of 
alkali metals the reduction potential of the system metallic.ion/metal is much less than that of 
the system H*/H. So the H* ions present in the aqueous solution of the salts of alkali metals are 
discharged at the cathode in preference to the metallic ion. As a result instead of alkali metal, 
hydrogen is liberated at the cathode. Moreover the discharge potential of hydrogen is much less 
than that of Na. Hence on passing electric current through an aqueous solution of NaCl using 
Pt electrodes, H, is liberated at the cathode in preference to Na. 


However, the use of mercury as cathode leads to the deposition of the metal as amalgam, 
but it is very difficult to recover the metal from the amalgam. 

Thus the only way to prepare alkali metals is the electrolysis of their fused halides or 
hydroxides which do. not decompose at high temperature. 

The metallic sodium is obtained by the electrolysis of (a) fused sodium hydroxide 
(Castner’s process) and (b) fused sodium chloride (Down’s process). 

1. Castner’s process : 

[A] Principle : In this process fused caustic soda is electrolysed using steel cathode and 
a nickel anode. In fused state sodium hydroxide ionises to give Na” and ОН” ions. During 
electrolysis, the Na* ions are discharged at the cathode as metallic sodium and the ОНГ ions 
are discharged at the anode as OH groups, which combine together to form oxygen and water. 
Thus О; is liberated at the anode. 

NaOH == Na*+OH™ 
At cathode : Na* + e — Na (Reduction); At anode : OH- — е — OH (Oxidation) 
40H = 2H;0 + O;T 

The water thus formed at the anode becomes a strong electrolyte in presence of sodium 
hydroxide and ionises as Ht and OH" ions. On electrolysis, the H* ions are discharged at the 
cathode as hydrogen and OH- ions are discharged at the anode to produce OH groups which 
combine together to form H;O and oxygen. 

НО == Ht + OH- 
At cathode : 2H* + 2e = H, Î At anode : 20H: - 2e = 20H 40H = 2H;0 + О, T 


[B] Description of the process : In this process, a cylindrical iron vessel is used as the 
electrolytic cell. Anhydrous caustic soda is taken in the iron vessel and is melted initially by 
gas burners kept below the vessel. The temperature of the bath is kept at (327°C — 330°C) (m. 
p. of NaOH is 318°C) because, at higher temperature the produced metallic Na dissolves in 
molten NaOH. Moreover some portion of the produced Na is oxidised by dissolved O; present 
in molten NaOH. When the process of electrolysis starts, the required temperature is maintained 
by the heating effect of electric current. The lower portion of this iron vessel is narrow. The 
cathode is a steel rod which passes up to the middle of the vessel through the narrow portion 
of the vessel from below and is held erect by solid caustic soda around the steel rod. 
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The anode is a nickel cylinder which is suspended from the ceiling of the vessel. It 
surrounds the steel cathode. Above the cathode, an iron cylinder open at the bottom, is 


suspended from the top. The steel cathode is 
kept separated from the nickel anode, with the 
help of a cylindrical iron wire gauze which 


bu NGF 


suspends from the iron cylinder. This prevents 07 КМК 

the metallic sodium liberated at the cathode, O m7 Nickel 
from going towards the anode. Theironcylinder — ^" ; anode 
is provided withalidatitstopforremovingthe Iron 


produced sodium and an outlet tube for the 


vessel Wire 


escape of hydrogen liberated at the cathode. gauze 

The nickel anode is kept insulated by asbestos 

rings from the iron vessel and from the iron, . Molten Qo zl 

cylinder. - caustic АН ПЕ Solid 

j soda 2- WM oli 

The whole of the cathode and maximum V caustic 

part of the anode are kept immersed in molten soda 

caustic soda. Now on passing electric current cathode 


through the electrodes, caustic soda is 
electrolysed liberating metallic sodium at the 


Fig. 2.1 : Extraction of Na from МоОН 


cathode. The liberated sodium being lighter than the molten caustic soda, floats on its surface 
and collects in the iron cylinder in molten state. The hydrogen liberated at the cathode, also 
collects in the same vessel and protects the liberated sodium from oxidation by atmospheric 
oxygen. The hydrogen escapes through the outlet tube, 

The oxygen liberated at the anode escapes through another outlet near the anode. 


[C] Collection of sodium : Metallic sodium is taken out from the cathode chamber from 
time to time with the help of a perforated nickel spoon and is kept under kerosine or petrol. 


e The advantages and disadvantages of Castner's process : 


Т. Advantages : (a) Castner's process has the of applying comparatively low temperature. The 
electrolysis of fused caustic soda is carried out at 327°C and at this temperature the produced sodium is not lost 
by vaporisation. 


(b) In this process hydrogen and valuable oxygen are obtained as by-products. 

2. This process has some disadvantages— 

(a) Caustic soda is used as electrolyte which does not occur in nature and so it is to be prepared from NaCl. 
Consequently the raw material becomes costly. 

(b) Only 50% of the electrical energy is utilised for the production of sodium by the electrolysis of fused NaOH. 
The rest of the energy is wasted for the electrolysis of water, The excess consumption of electrical energy makes 
the process more expensive, 

* Some informations regarding the extraction of sodium from sodium hydroxide (Castner’s process). 

li) Materials used as electrolyte > fused sodium hydroxide. 

(ii) Nature of electrodes used — In this process a steel rod is used as cathode and a nickel cylinder is used 
as а д 
(iii) Temperature of the bath during electrolysis —› A little above the melting point of caustic soda i.e., 325°С— 
330°C (m. p. of NaOH is 318°C). 

(iv) Electrode reactions — The molten NaOH ionises as follows. МаОН x= Ма* + OH 

Reactions at cathode : (a) Na* ion shifts towards the cathode and by accepting electron is reduced to form 
metallic sodium. Na* + e = Na (reduced) 

(b) Reactions at the anode : (b) OH" ion shifts towards the anode and loses its charge to form OH group. The 
OH groups combine together to form water and oxygen. 

ОН - e= OH. 


Thos oxygen is liberated at the anode. 


4OH = 2HO +O; T 
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(c) The water thus formed at the anode becomes strong electrolyte in presence of NaOH and ionises as H* 
and OH ions. On the electrolysis of H:O, hydrogen is liberated at the cathode and oxygen at the anode. 
HO == H*+ OH 
At cathode : 2H* + 2e = Н, 1 At anode : ОН - e = OH 
4OH = 290 + О, 1 
v) By-products and their uses : In this process hydrogen is obtained at the cathode and ve atthe anode. 
Oxyhydrogen flame is used for soldering metals. Oxygen is used in the artificial respiration and as an oxidising 
agent. Hydrogen is used in the synthesis of hydrogen chloride and for the preparation of ‘Vanaspati Ghee’. 

(vi) Collection of metal : Sodium being lighter than fused caustic soda, floats on its surface and collects in the 
iron cylinder in molten state. It is taken ais time to time with the help of a perforated nickel spoon and is kept 
under kerosine. 

€ Aqueous solution of sodium hydroxide is not used instead of fused caustic soda in the Castner process— 
Explain why ? 

In the aqueous solution, the NaOH molecules ionise to give Na* and OH” ions. In the aqueous solution of 
NaOH some amount of H* and OH" ions are also present due to the slight dissociation of water. 

NaOH == Ма* + ОН"; ЊО == H'« OH. 

When electric currentis passed through this aqueous solution, both the Na* and Н” ions are attracted towards 
the cathode. As Na is more electro-positive than hydrogen, H* ions are set free as hydrogen gos at the cathode 
in preference to Na* ions. 

Ht+e=H, H+H=H,T 


Thus in presence of H* ions the discharge of Na* at the cathode is not possible. Consequently it is not possible 
to extract sodium by the electrolysis of aqueous solution of NaOH. 

© The temperature of fused NaOH is not allowed fo rise above 330^ C—Explain why ? 

The temperature of the fused NaOH is not allowed to rise above 330°C. This is due to the fact that, at higher 
temperature the liberated sodium at the cathode dissolves in the fused NaOH. A good amount of oxygen liberated 
at the anode also gets dissolved in the fused NaOH. Consequently the dissolved sodium in the fused NaOH comes 
is contact with the dissolved oxygen and is oxidised by О; fo form sodium monoxide. As a result much of the 
liberated sodium is wasted, 

€ Extraction of metallic sodium from sodium chloride. 

The difficulties to be met with in the extraction of sodium by the electrolysis of fused sodium 
chloride. = 

Sodium chloride is abundantly found in the nature and consequently it is the cheapest 
source of sodium. Early attempt was made to extract sodium by the electrolysis of NaCl, but 
the electrolysis of fused sodium chloride is ordinarily met with many difficulties which are 
given below— 

(i) The melting point of sodium chloride is very high—nearly 802°C. It is very difficult 
to attain and maintain this high melting point of NaCl. Moreover, the extraction of metallic 
Na becomes highly expensive due to the high consumption of electric energy. 

. (ii) The melting point of NaCl is 802°C which is near to the boiling point of metallic 
sodium (883°C). Consequently much sodium is lost by vaporisation. Moreover, at this high 
temperature, the liberated sodium at the cathode forms a 'metallic fog' or colloidal solution 
with the molten NaCl, from which it is very difficult to recover the metal. 

(iii) At this high temperature (802°C or above) the molten electrolyte (NaCl), the liberated 
sodium and chlorine become highly corrosive and thus they have corrosive action on the 
electrodes and materials of the cell. 

These difficulties were overcome by mixing sufficient amount of calcium chloride with 
sodium chloride, when the melting point of NaCl was reduced to 600°C. At this temperature the 
liberated sodium does not vaporise and the formation of metallic fog does not occur. The 
corrosive action of the molten electrolyte and the products are.also much reduced at this low 
temperature. 

[Instead of anhydrous calcium chloride, sodium fluoride or potassium fluoride (KF) can be 

‘used in this process to lower down the melting point of NaCl. But as CaCl, is easily available 
and less costly, the use of CaCl, is favoured.] 
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2. Extraction of sodium by Down's process : 

The most convenient and cheap process of the extraction of metallic sodium from sodium 
chloride was worked out by Down in 1929 in America. 

- [А] Principle : In this process, sufficient amount of anhydrous calcium chloride (66.8%) 
is added to sodium chloride (32.2%) to reduce the melting point of NaCl from 800°C to 600°C. 
This mixture is introduced into the electrolytic cell. The mixture is first melted electrically at 
600°С and then electrolysed using iron cathode and graphite anode. In fused state sodium 
chloride ionises as Na* and CI- ions. During electrolysis, the Na* ions are discharged at the 
cathode as metallic sodium and the CI- ions are discharged at the anode as chlorine gas. 
NaCl == Na* + СІ” 
At Cathode : Ма? + е = Na (Reduction) 
At Anode : Clr -е= Cl (Oxidation). 
CI + CI 4 Cl f. 

[B] Description of the process : The electrolytic cell consists of an iron vessel lined inside 
with acid resistant refractory bricks. There is án inlet at the upper part of the vessel for 
the introduction of electrolyte (NaCl + 
CaCl). A 'T' shaped graphite rod is used as 
anode which rises through the bottom of the 
cell. The graphite anode is surrounded by a CaCl 
ring-shaped iron cathode which is Fa 2 EE у 
supported by iron rods from the vessel. The саад 
upper part of the anode is covered by а 
funnel-shaped porcelain hood which acts as 
an outlet for the escape of chlorine which is 

iberatedat the anode. The anode and cathode 
гте separated by iron gauze circular screen 


Porcelain 


which prevents the sodium liberated at the Yon 
cathode from coming in contact with chlorine Iron wire Graphite Cathode 
at the anode. gauze 5 

8 J4Ve anode 


On passing electric current through the 


molten electrolyte, sodium chloride is \ wer p y 
electrolysed, when sodium is liberated in Fig. 2.2 : Extraction of Na by Down's process 


molten state at the cathode and chlorine is liberated at the anode. Chlorine thus set free passes 
out through the outlet in the porcelain hood. А 
[C] Collection of sodium : The metallic sodium liberated at the cathode rises to the 
surface of the molten electrolyte and collects in the inverted circular trough surmounting the 
iron cathode. The sodium thus collected in the trough is carried out by an iron pipe fitted at 
the top of the trough into a collecting vessel and is kept in kerosine. 
e Some informations regarding the extraction of sodium from sodium chloride (Down's process). 
(i) Composition of the materials used as electrolyte : In this process a mixture of fused sodium chloride 
(33.2%) and sufficient quantity of anhydrous calcium chloride (66.8%) is used as electrolyte, 
(ii) Nature of electrodes : 'T' shaped graphite rod is used as anode which rises from the bottom of the cell. 
An iron ring which surrounds the graphite anode, is used as cathode. 
(iii) Temperature of the bath : The temperature of the electrolyte is kept at 600°C. 
(iv) Electrode reactions : 1 
At cathode. The Nat ion of the molten electrolyte migrates to the cathode and by accepting electron is reduced 
to form metallic sodium. Na* + e = Na (reduction) 
At anode. The Cl ion migrates towards the anode and by losing its extra electron is oxidised to chlorine 
atom. The Cl atoms combine togther to form chlorine molecule. 
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(v) By products and their uses : Chlorine is obtained as by-product at the anode. This is used in the large scale 
preparation of hydrogen chloride and bleaching powder. 

(vi) Collection of sodium: Sodium liberated at the cathode rises to the surface of molten electrolyte and collects 
in the inverted circular trough surmounting the cathode. The sodium thus collected in the trough is carried 
by an iron pipe into a collecting vessel and is kept in Kerosine. 

€ In Casfner's process a nickel cylinder is used as anode but in Down's process graphite rod is used as 
anode — Explain why ? ч 

In Casiner's process nickel anode is used while їп the Down's process graphite rod is used as anode. This is 
due to the fact that, in Castner's process oxygen is liberated at the anode during the electrolysis of fused caustic 
soda. At high temperature (330°C), the liberated О; attacks the graphite with the formation of CO. But at this 
temperature Nickel anode remains inert towards oxygen gas. Consequently in Casiner's process nickel anode is 
used instead of graphite anode. On the other hand in Down's process chlorine is liberated at the anode during 
the electrolysis of fused NaCl (600°C). At this high temperature the evolved chlorine attacks nickel but it has no 
action on graphite. So in Down's process graphite anode is used instead of nickel anode. 

* During the extraction of sodium by Down's process, anhydrous calcium chloride is mixed with NaCl and 
the molten mixture is electrolysed— Explain why ? _. 

The melting pointof sodium chloride is very high—nearly 802°C. Now if NaCl alone is used as an electrolyte, 
it becomes very difficult to maintain this high temperature and the process becomes highly expensive due to the 
high consumption of electrical energy. Moreover, at this high temperature the liberated sodium is lost by 
vaporisation and by the formation of metallic fog. When sufficient amount of anhydrous CaCl, is added to NaCl, 
the melting point of NaCl is reduced to 600°C. At this temperature the liberated sodium does not vaporise, neither 
it forms metallic fog. Thus the wastage of sodium is minimised. At this temperature (600°C) the corrosive action 
of the electrolyte and the products (Na and Ch) becomes negligible. Thus with a view to reducing the melting point 
of NaCl, anhydrous CaCl, is added to NaCl. 

e In Down's process sufficient quantity of anhydrous CaCl, is added to NaCl and the molten mixture is 

|. As а result of electrolysis Na is liberated at the cathode but not calcium— Explain why ? 

In the molten electrolyte, inspite of the presence of both the Na* and Ca** ions, as a result of electrolysis 
calcium is not liberated at the cathode. This is due to the fact that, the discharge potential of calcium is higher than 
that of sodium, as it occupies above sodium in the electro-chemical series of metals. So Nat ions are discharged 
at the cathode in preference to Ca** ions. Thus during the electrolysis of the molten mixture of NaCl and CaCl, 
sodium is liberated at the cathode. 

e Metallic sodium is not obtained by the electrolysis of an aqueous solution of NaCl— Explain why ? 

In the aqueous solution, NaCl is completely dissociated as Na* and СГ ions. In the solution, some amount 
of H* and OH" ions are also present due to the slight dissociation of water, which is a weak electrolyte. NaCl =» 
Na* + CF; HO = H* + OH”. When electric current is passed through this aqueous solution, both ће Na* and 
H* ions are attracted towards the cathode. Now, as sodium is more strong electro-positive than hydrogen and 
hydrogen being less electropositive than sodium, H* ions are set free as hydrogen gas at the cathode in preference 
to Na* ions. 

Ht+e=H; H+H=H,T. 

Thus in presence of H* ions, the discharge of Na* at the cathode is not possible. Consequently it is not possible 
to extract sodium by the electrolysis of aqueous solution of NaCl. 

e Explain why— 'Sodium is kept under kerosine'. 

Metallic sodium is highly electropositive and so it is very reactive. It readily reacts with aerial Оз, СО, and 
moisture with the formation of Na;O, NaxCO and NaOH respectevely. In order to protect the liberated Na from 
the attack of O;, CO; and moisture of air, itis kept under kerosine or petrol. As it reacts violently with water, it 
can not be kept under water like phosphorus. 

e MgCl, is not used instead of CaCl to reduce the melting point of NaCl in the Down's process— 
Explain why ? 

Though the presence of MgCl; with NaCl can reduce the melting point of NaCl considerably, yet MgCl, is 
not used in the Down's process. This is due to the fact that, as Na is more electropositive than Mg, the reduction 
potential of Mg is greater than that of Na. Consequently Mg** ions are reduced at the cathode in preference to 
Nat ions (E+, =- 2.71 volt, E, «jus =- 2.37 volts.) Thus on electrolysis of molten mixture of MgCl and NaCl, 
the Mg** ions will be discharged at the cathode liberating magnesium instead of sodium. 
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€ Comparison between Castner's process and Down's process : 


Саѕтег'ѕ process 


(1) Electrolyte : Мойеп caustic soda is used as 
electrolyte in this process. 


Down's process 
(1) А mixture of sodium chloride (33.2%) and 
anhydrous calcium chloride (66.8%) is used аз 
electrolyte in this process. 
(2) Inthis process the raw material is sodium chloride 
which is abundantly found in nature and so it is 
the cheapest source of sodium. 


(2 


Source : The starting material is caustic soda 
which does not occur in nature. Consequently it 
is to be prepared by the electrolysis of aqueous 
solution of sodium chloride. As a result, the 
starting material of this process becomes very 
costly. 

(3) Temperature: Te metoa pointof caustic soda 
is 318°C, consequently the electrolysis of fused 
caustic Sedi ried Gur at low temperature 
between 320'C—330'C. At this temperature 
sodium is not lost by vaporization. 

(4) Ап iron vessel is used as electrolytic сей. 


(3) The mixture of NaCl and CaCl, melts at 600°C 
and so the electrolysis of fused NaCl is carried 
out at a high temperature between 600°C- 
620°C. At this temperature some sodium is lost 
by vaporization, 

(4) The electrolytic cell used is this process consists 
of an iron vessel lined inside with acid resistant 


refractory bricks. 


(5) A'T' shaped graphite rod i is used as anode and 
а ring shaped iron is used as 
Sodium is liberated at the coeds and chlorine 
is liberated at the anode. 


(6) Sodium is collected in a vessel with the help of 
a siphon tube made of iron. 


(5) Electrodes : A steel rod is used as cathode and 
anickel cylinder is used as anode. Sodium and 
hydrogen are liberated at the cathode and 
oxygen is liberated at the anode. 


(6) Collection : Sodium is taken out from time to 
time from the cathode chamber with the help of 
a perforated nickel spoon. 

(7) Electrical energy : Only 50% of the electrical 
energy is utilised for the preparation of sodium 
by the electrolysis of fused NaOH. The rest of 
the energy is wasted in the electrolysis of water. 
The excess consumption of electrical energy 


makes the process more expensive. 


(7) The whole of electrical energy employed in this 
process is fully utilised for the preparation of 
sodium. 


2.3. Properties of sodium. 

[A] Physical : Sodium is a silver-white metal. It is soft malleable and ductile. It is lighter 
than water and its specific gravity is 0.97. Its melting point is 97.5°C and boiling point is 883°C. 
It is a good conductor of electricity. 

[B] Chemical : 

1. Action on air : (i) Perfectly dry air or oxygen has no action on sodium, but on exposure 
to moist air, the surface of sodium is turnished due to the formation of a layer of its oxide, 
hydroxide and finally carbonate. Sodium is first attacked by oxygen of air to form sodium 
monoxide. The oxide thus formed reacts with the moisture to form sodium hydroxide which 
reacts with the atmospheric CO, to form sodium carbonate. 

4Na + О, = 2Na;0; Na;O + H,O = 2NaOH 
2NaOH + СО, = Na,CO, + HO 

(ii) ‘Sodium burns in air with a golden yellow flame with the formation of a mixture of 
sodium monoxide and sodium peroxide. 

4Na + О, = 2Na,0; 2Na + О, = Na;O.. 
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2. Action on water : (i) Sodium reacts with water vigorously at ordinary temperature 

yielding sodium hydroxide and hydrogen. 
2Na + 2Н,0 = 2NaOH +H, 1 

The reaction of sodium with water is so exothermic that the hydrogen evolved may catch 
fire. 

(ii) Sodium dissolves in mercury with the formation of amalgam which reacts with water 
slowly yielding hydrogen and sodium hydroxide. 

3. Action on halogens : As soon as sodium comes in contact with fluorine, burns 
vigorously yielding sodium fluoride. On being heated in chlorine, sodium burns with a golden 
yellow flame with the formation of sodium chloride. Sodium combines with bromine and 
iodine to form sodium bromide and sodium iodide respectively. 

2Na + Е, = 2NaF; 2Na + Cl; = 2NaCl 
2Na + Br, = 2NaBr; 2Na + I, = 2Nal. 

4. Action on hydrogen : On being heated in dry hydrogen at 360°C, it forms sodium 
hydride. Sodium hydride is decomposed by water to give sodium hydroxide and hydrogen. 

2Na + H; = 2NaH; NaH + H;O = NaOH +Н;. 

When fused sodium hydride is electrolysed, sodium is liberated at the cathode and hydrogen 
is.liberated at the anode. This proves that hydrogen oxidises sodium to form sodium hydride 
itself being reduced by Na. N 

Na —e = Nat (oxidation) Н +e=H" (reduction) Nat +H = NaH. 

5. Action on ammonia : Sodium reacts with ammonia at 360°C — 400°C forming 
sodamide and hydrogen. Sodamide reacts with water to produce sodium hydroxide and 
ammonia. 

2Na + 2NH, = 2NaNH, + H;; NaNH, + H,O = NaOH + NH; 7 

Sodium dissolves in liquid ammonia and the solution gives a blue colour. [See Chapt 2 
Introduction]. 

6. Action on sulphur and phosphorus : Sodium in heated condition, combines directly 
with sulphur and phosphorus giving sodium sulphide and sodium phosphide respectively. 

2Na +S =Na,S; 3Na + P = NaP. 

7. Action on acids : Sodium reacts with cold acids explosively with the formation of 
their salts and hydrogen. However, sodium amalgam reacts with acids less violently yielding 
hydrogen and salts of sodium. 

2Na + 2HCI = 2NaCI + Н, 1 ; 2Na + H;SO, = Na;SO, + H; î 

8. Reducing action of sodium : Being a strong electropositive metal, sodium is a strong 
reducing agent. It reduces many metallic and non-metallic compounds yielding the metals’ 
and non-metals respectively. 

4 0 +1 0 +3 0 0 +1 
510, + 4Na = 2Na)O + Si; АО; + 6Na = 2AI + 3Na,0 
+3 0 0 + +2 0 0 + 
AICI, + 3Na = Al +3NaCl; ZnSO; +2Na = Zn + NaSO; 
Burning sodium continues to burn in carbon-dioxide with the formation of carbon and 


sodium carbonate. i 5 
" 


+4 0 
3CO, + 4Na = 2Na,CO, +С 
mec 
[C] Uses of sodium : (i) Sodium is used in the preparation of sodium peroxide, sodium 
cyanide, sodamide etc. (ii) It is also used in the extraction of certain metals like zirconium, 
titanium, aluminium and non-metals like boron, silicon etc. (iii) It is used in sodium-vapour 
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lamp. (iv) Alloy of sodium and potassium is used in high temperature thermometers. 
(у) Sodium amalgum is used as a reducing agent iu organic chemistry. It is also used in 
the detection of elements like №, S, halogens in organic compounds. 

ө Tests for sodium : (i) Aqueous solution of sodium salts give a heavy white precipitate. 
with potassium dihydrogen antimonate. 

NaCI + KH;SbO, = NaH,SbO, 1 + KCI 
(white ppt) 

(ii) Zinc uranyl acetate with acetic acid solution gives a yellow precipitate of sodium zinc 
uranyl acetate with a concentrated solution of sodium salt. 

Na* + 3UO; (CH;COO), + Zn (СНСОО), + CH;COO = NaZn (UO,), (CH;COO), 

(yellow ppt) 

(iii) Flame test : Metallic sodium or salts of sodium gives a golden yellow flame when 

introduced in the bunsen flame. 


2.4. Compounds of sodium. 
1. OXIDES. 
(i) Sodium monoxide (Na;O) : 

[A] Preparation : Sodium monoxide is prepared by heating metallic sodium in a regulated 
supply of air or oxygen at 180°С and distilling the excess or unconverted sodium in vacuum. 
4Na + О, = 2Na)O. 

Sodium monoxide can also be prepared by heating fused NaOH, nitrate or nitrite of the 
metal with metallic sodium. 
2NaOH + 2Na = 2Na;O + H; ; 2NaNO, + 10Na = 6Na;O + № 
2NaNO, + 6Na = 4Na;O + №, 
[B] Properties : (1) It is white, amorphous and hygroscopic solid. 
(2) It is a strong basic oxide and dissolves in water to form caustic soda. 
Na;O + Н0 = 2NaOH. 
(3) It burns in carbon di-oxide to form sodium carbonate. 
У Na,O + CO, = Na,CO,. 
(4) On being heated to 400°C, it decomposes to give sodium peroxide and metallic sodium. 
A 2Na,0 = Na,O, + 2Na. 
This reaction goes to prove that sodium peroxide is more stable than sodium monoxide. 


(ii) Sodium peroxide (Na;0;) : 

[A] Preparation : Sodium peroxide is 
prepared by heating metallic sodium at 
300°C in excess air freed from moisture 
and CO; 

2Na + О, = Na;O;. 

Commercially it is prepared by heating 
small slices of sodium in aluminium trays at 
300°C irrexcess air freed from moisture and gases 
CO). The Al-trays are placed in an iron tube ry 
which are moved mechanically in the 
direction opposite to the current of air. As Fig. 2.3 : Preparation of Na,Q, 
the reaction is exothermic, the external 
heating is necessary only at the initial stage of the reaction. The sodium peroxide thus obtained 
is 98% pure. 


III 
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[B] Properties : (1) Sodium peroxide is a light yellow powder which turns white when 
exposed to air due to the formation of a thin film of sodium hydroxide and sodium carbonate. 
Na;O; + 29,0 = 2NaOH + H;O;; 
2NaOH + СО, = Na;CO, + H;O. 


(2) With cold water (0°C) it forms hydrogen peroxide but at ordinary temperature it 
decomposes to give sodium hydroxide and oxygen when treated with water. 


Na,O, + 29,0 = 2NaOH + Н.О); 2Na;O; + 29,0 = 4NaOH + О). 
(3) Ice cold (0°C) dilute mineral acids produces hydrogen peroxide and the respective salts, 
but with warm acids it gives oxygen. 


Na,O,+ H,SO, = Na;SO, + H;O;; Na;O; + 2НСІ = 2NaCl + HO: 
2Na;O; + 29,50, = 2Na,SO, + 2H;O + О, T 
(warm) 


(4) It reacts with carbon dioxide to form sodium carbonate and oxygen. This property of 
sodium peroxide finds its application as an air purifier in a closed room. It can also absorb 
carbon monixide producing sodium carbonate. 

2Na,O, + 2CO; = 2Na,CO, + О. î ; Na,O, + СО = Na,CO3. 

(5) Sodium peroxide is a strong oxidising agent. 

(i) It oxidises sulphur dioxide to sulphate, chromic oxide to chromate and manganese salts 
to manganates. ر‎ 


+6 +3 +6 
Na,O,+ SO; = Na,SO,; 2Cr,0;+ 4Na,0, + О, = ANa;CrO, 


+2 +6 
2Mn(OH); + 4Na;O; = 2Na;MnO, + 4NaOH 
(ii) Nitrous oxide and nitric oxide in hot condition are oxidised to sodium nitrite. 


+1 +3 +2 +3 
Na,O, + 2М›О = 2NaNO, + №; Na;O; + 2NO = 2NaNO, 
(iii) It oxidises heated charcoal (300°C—400°C) to sodium carbonate. 


0 +4 
2С + 3Na,0, = 2Na,CO, + 2Na. 

[C] Uses : Sodium peroxide is used (i) as an oxidising agent, (ii) as a bleaching agent for 
wool, silk, bones etc., (iii) for the preparation of dyes and organic compounds, (iv) in the 
manufacture of hydrogen peroxide and in the preparation of oxygen at ordinary temperature, 
(v) in submarine, diving bells, hospitals etc., for the purification of air. 

(iii) Sodium hydroxide, Caustic soda (NaOH) : 

[A] Preparation : Sodium hydroxide is manufactured by two methods— 

(i) Lime soda or causticising process, 

(ii) Electrolytic process. 

1. Lime soda or causticising process : 

[a] Principle : By this process caustic soda is prepared by heating dilute solution of 
sodium carbonate (10-20%) with excess of quick lime, at 80'-90'C. Quicklime first reacts with 
water to form slaked lime [Ca(OH);], which reacts with sodium carbonate to produce sodium 
hydroxide and calcium carbonate. The produced sodium hydroxide being soluble in water 
remains in the solution and calcium carbonate is separated as precipitate. 

СаО + HO = Ca(OH), ; М№а,СО, + Са(ОН), == 2NaOH + CaCO;! 


As the weak alkalii.e., Na;CO;is converted to strong alkali i.e., NaOHbythis process, 
it is known as causticising process. 
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As the reaction is reversible and the solubility of the produced calcium carbonate is less than 
that of calcium hydroxide, the reaction will proceed from left to right toward’s the completion. 
The use of excess amount of quick lime favours the forward reaction. The ionic equation of this 


reversible reaction can be expressed as CO; + Ca(OH), == CaCO, +20H™ 
[OH Y 
[CO] 
It is seen from the above relation that the production of sodium hydroxide is regulated by 
the ratio [OH-Y/[CO; ]. From this ratio it is seen that the amount of the yield will be greater 


The equilibrium constant of this reversible reaction is expressed as K, = 


if less amount of cor is used i.e., if the dilution of sodium carbonate is increased. But the use 


of too much dilute sodium carbonate solution is not profitable in the manufacturing process. It 
has been observed that the use of 20% solution of sodium carbonate favours the forward 
reaction to have a better yield. Thus the optimum concentration of sodium carbonate for this 
reversible reaction is 20% NaCO;. 


[b] Procedure : A 10-20% solution of sodium carbonate is taken in an iron tank fitted 
witha mechanical stirrer. Lumps of quick lime in slight excess are placed in an iron cage of wire 
gauze suspended in the 
tank into the sodium 
carbonate solution. The 
solution is heated by 
steam to a temperature of 
80°-85°C with continu- 


ЦУУ 


-— Steam 
ee ГГА (LLL, УУУ, 


7 = Iron vessel 


ous stirring by the mecha- Lime Й 80°C – 90°С 
nical stirrer. The process СаО 2 aqueous solution 
iscontinueduntila filtered A DA se of Na,CO, 
test sample gives no Stirrer 

effervescence with dilute - 

НС1. The precipitate of Calcium carbonate 

produced CaCO, and ^ Ae 

excessof lime are allowed Fig. 2.4 : Preparation of NaOH by causticising process 


to settle at the bottom of the tank. The clear supernatant liquid which contains about 12% caustic 
soda and some unchanged sodium carbonate is taken out from the tank and is concentrated in 
multiple effect vacuum evaporators, when the unchanged Na,CO, crystallises out from the 
solution and is separated. The concentrated NaOH solution thus obtained is evaporated to 
dryness. This process gives caustic soda of about 98% purity. The impurities are little NaxCO;, 
NaCl and Ма;$О,. 

The CaCO; which is obtained as by-product is dried and calcined to give lime which can be used again. 
Causticising process is rather expensive as the starting material is sodium carbonate which is comparatively costly. 
This process does not yield pure sodium hydroxide. 

2. Electrolytic process : 

Now-a-days most of sodium hydroxide is manufactured by the electrolysis of a saturated 
solution of sodium chloride. 

[a]: Principle : The concentrated solution of sodium chloride ionises giving Na* and Cl” 
ions, The aqueous solution also contains H* and ОНГ ions due to the slight ionisation of water. 
Thus the aqueous solution of sodium chloride contains Na”, CIT, H* and ОНГ ions. 

NaCl = Ма*+СГ; HO = H*+OH. 


When electric current is passed through the aqueous solution of NaCl, Na* and H* ions move 
towards the cathode. As hydrogen is much less electro-positive than sodium, the H* ions are 
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able to accept electrons more easily than Na’ ions. As a result the Н" ions are discharged at the 
cathode in preference to Na* ions. Thus each H* ion accepts one electron from the cathode with 
the formation of hydrogen atom. Two hydrogen atoms then combine together to fornrhydrogen 
molecule. Thus hydrogen is liberated at the cathode with the dissociation of more water 
molecules, While Ма* tons remain in the solution, 

At anode СГ ions give up their excess electrons in preference to OH“ ions as the 
concentration of CI" ions in the solution is much greater than OH’ ions. CI” ions give up their 
extra electrons at the anode and are converted to chlorine atoms which then combine in pairs 
10 form chlorine molecules. Thus chlorine is liberated at the anode. 

At Cathode: Н'+е= Н At Anode: СГ — е = Cl 
Н+Н = Н,7 CI + Cl = Cl T 

The Na’ and ОН” ions which are left in the solution, combine together to form sodium 

hydroxide. 


Ма? + ОН” => NaOH. 

[b] Disadvantages : The main disadvantages of this process are— 

(i) The hydrogen liberated at the cathode may react with the chlorine liberated at the anode. 

(ii) The sodium hydroxide thus produced may react with the chlorine to form sodium 
chloride, sodium hypochlorite and sodium chlorate. Thus some part of the produced caustic 
soda is lost and the rest may be contaminated with NaCl, NaOCI, NaCIO, etc. 

Cl, + 2NaOH = NaCl + NaOCl + HO 
ЗСІ, + 6NaOH = SNaCI + NaClO, + 3H;O 

(ili) The reaction between chlorine and hydrogen may cause explosion. 

[c] How to overcome the disadvantages : These disadvantages are overcome by taking 
stéps so that the produced sodium hydroxide is not allowed to come in contact with the evolved | 
chlorine, by keeping NaOH separated from the liberated Cl, at anode. This is achieved by using 
a mercury cathode cell or à diaphragm cell like Nelson cell. 

(1) Mercury cathode cell—Kellner-Solvay cell : 

Now-a-days caustic soda is manufactured in the Kellner-Solvay cell (modified Cast 
Kellner cell). In this process the produced sodium hydroxide and hydrogen are kept 
from chlorine produced at anode, by using two different chambers. The first or upper chamber 
is called primary cell and the second or lower chamber is called secondary cell or decomposer, 


of chlorine. 


чова ia the propestiion of hydrogen chloride, blaechisg powder, ӘЛИ Kpochiorite We: 
The sodium ions (Na*) are discharged at the mercury cathode in preference to H* i 
liberating metallic sodium which dissolves in mercury producing a dilute liquid 
amalgam. As mercury has a high hydrogen over voltage, the H* are not discharged at 
mercury cathode. 
At anode : Cl - e = Cl; At cathode : Na* + e = Na 
CI + CÎ = Ch T Na + Hg = Na omolgom 


Na amalgam | NaOH solution | Ќе 
Sodium from the sodium amalgam passes into the solution as Ма“ loas. The electrons left 
by sodium atoms pass through the mercury to the iron. The M* ions produced by the dissociation 
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Fig. 2.5. Kelner Solroy oll 
of water accept electrons from the iron and are converted to hydrogen gas which escapes 
through an outlet in the lower chamber. 

The OH ions are left in the solution with the Ма" ions to form solution of sodium hydroxide 

Na = Na* «e, w^ НО» «Om 
2H* «2e = Н, 
Na’ + OH = NaOH. 

When the strength of the sodium hydroxide solution reaches 40%, it is taken out and 
evaporated to dryness in iron pots. The solid caustic soda thus obtained is fused and сам into 
sticks. The mercury thus freed from sodium ia vent back to th primary cell to be used as mercury 
cathode. The overall reactions in the secondary cell may be expressed as follows — 

2H;0 « 2H* + 20 
2NaHg = Na + 2Hg + 2e 
2H" «426 + Н,1 


2NaHg + 29,0 = ANa" + OW) + 296+ M, f 
By бн geomet o pare (cru ere тн воды of ark bs 4 darl Tee mary baml berm eha а 
E à Өчө mercury (rha c te preemory сөй gute có Fuse chere Put peri amens ergata 
fon LR 
МА voltage n omen by бе conl. 
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(2) Diaphragm cell—Nelson cell : 

In the diaphragm cell the anodes and cathodes are separated by a diaphragm made of 
asbestos. Typical of this type of cell is the Nelson cell which is extensively employed in the 
production of caustic soda. 

[a] Description : It consists of a U-shaped vessel made of perforated steel plate the inside 
of which is covered with a layer of asbestos. The U-shaped perforated steel vessel serves as 


cathode and the layer of porous asbestos constitutes the diaphragm which separates the anode 
from the cathode. A purified saturated solution 


Aqueous е Graphite of sodium chloride is introduced into the U- 
solution of NaCl 4 Cl, shaped vessel which is kept at constant level by 
Em — anautomatic device. The sodium chloride solu- 

55 -\Уе tion should be freed from the soluble salts of 

n iron, calcium, magnesium etc., which may other- 

NaCl wise form insoluble hydroxides with the produ- 

solution ced sodium hydroxide which may block the 


diaphragm. A graphite rod is partly immersed 
in the sodium chloride solution which serves as 
anode. The cell is placed in an outer case of steel 
andis keptcovered. The diaphragm thus divides 
: Steam the outer case into two compartments—the 
anode compartment inside the U-shaped vessel 
ОН soluti and the cathode compartment outside it. There 
2 D a" bs is an outlet at the top of the U-shaped vessel for 
Fig. 2.6 : Diaphragm'cell the escape of chlorine gas. Steam is blown into 
the cathode chamber through an inlet tube near the bottom. The steam (i) keeps the rate of 
diffusion of sodium chloride solution through the diaphragm constant, (ii) keeps the pores of 
the diaphragm clear by dissolving the solid sodium hydroxide produced there, (iii) heats the 
electrolyte and thereby reduces its electrical resistance. 

[b] Chemical reactions which occur at the electrodes : 

As the electric current is passed through the electrolyte, the sodium chloride solution 
_percolates due to gravity action through the pores of the asbestos of the cell, where it undergoes 
electrolysis. The Na* and H* ions are attracted towards the cathode. The H* ions are discharged 
at the cathode in preference to Na* ions as the discharge potential of H* is less than Na’ ion: 
The produced hydrogen escapes through an outlet provided in the steel outer case (cathode 
chamber). Chlorine gas is liberated at the anode which escapes through an outlet in the anode 
compartment. Thus Na* and OH" ions are left in the solution. These ions combine together to 
form caustic soda which accumulates in the water of the outer chamber by diffusion through 
the diaphragm from the anode compartment and collects on the floor of the outer chamber. 

[c] Reactions involved are as follows : 

NaCl = Nat + СГ 
HO = Н+ ОН" 
At cathode: H* +e =H Atanode: Cl -e = Cl 
H+H = Н,7 CI «CI = Cb T 
Ма* + OH == NaOH. 

[d] Collection : The aqueous solution of caustic soda thus obtained contains only 12% 
sodium hydroxide and about 15% sodium chloride. This solution is taken out and is concen trated 
in vacuum evaporators, when sodium chloride is separated as crystals. The concentrated 
solution of caustic soda is evaporated to dryness in iron pots. The solid caustic soda thus 
obtained is fused and cast into sticks. 


Perforated 
steel cathode 
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The manufacturing process of the production of caustic soda by using diaphragm cell is less expensive than 
the mercury cathode process, as the installation cost and the voltage кушш. of this ss are much 
less. But it yields a less concentrated caustic soda solution which contains a fairly good amount ү sodium chloride. 
Another disadvantage is the high electrical resistances offered by the diaphragm towards the passage of current. 
Now-a-days the caustic soda contaminated with NaCl is heated with alcohol or aqueous solution of ammonia in 
pri NaCl remains insoluble which is easily removed by filtration. The filtrate on evaporation yields pure caustic’ 

ia. 

[B] Properties of sodium hydroxide : 

Physical B Sodium hydroxide is a white deliquescent solid. It melts at 318°C and its density 
is 2.3 g/cm’. It is highly soluble in water and also in alcohol. During its dissolution in water, 
much heat is evolved. Due to its strong alkalinity, it is highly corrosive to skin. Its aqueous 
solution has a soapy touch. 

Chemical : 

1. Sodium hydroxide isa very strong alkali. In its aqueous solution, it is completely ionised 
to form Na* and OH" ions. 

NaOH = Ма* + OH- 

It neutralises all acids and acidic oxides forming salts. It tumns red litnus blue. 
НСІ + NaOH = NaCl *H;0; HرSO,‎ + NaOH = NaHSO, + HO 
CO, +2NaOH = NaCO; +H0; SO, +2МаОН = NaSO; +H,0 

P,0; + 6NaOH = 2NasPO, + ЗНО. - 
2. Ammonium salts on being heated with NaOH decompose to give ammonia. 
NH,Cl + NaOH = NaCl + NH; 1 + HO 
(NH4),SO; + 2NaOH = 2NH; 7 + №50; + 290 

3. Sodium hydroxide reacts with metallic salts to produce metallic hydroxides which may 
be insoluble or soluble in excess caustic soda, Some metallic hydroxides thus formed are 
decomposed to give insoluble metallic oxides. 

(a) Formation of insoluble hydroxides. 

FeCl; + 3NaOH = Fe(OH); 1+ 3NaCl: 


brown ppt 
AICI, + 3NaOH = АКОН); 4 + 3NaCI 
gelatenous white ppt 
CuSO, + 2NaOH = Cu(OH), + Na SO, 
bluish white ppt 


(b) Formation of insoluble hydroxides (amphoteric hydroxides) which dissolve in 
excess of sodium hydroxide : There are some metals like Zn, Al, Pb, Sn etc., which form 
amphoteric oxides. When sodium hydroxide is added slowly to the salts of these metals, at first 
their insoluble hydroxides are precipitated. These insoluble hydroxides dissolve on addition of 
excess of NaOH due to the formation of soluble salts of those metals. 

ZnSO, + 2NaOH = 2п(ОН):! + Na2SO,; Zn(OH), + 2NaOH = Na;ZnO; + 29,0 


white ppt sod. zincate 
soluble in water 


Al,(SO4)3 + 6NaOH = 2A(OH);1 + 3NajSO4 ; АКОН); + NaOH = NaAIO; + 2H,O 


gelatenous sod. aluminate 
white ppt soluble 
SnCl, + 2NaOH =.Sn(OH), + 2NaCl; Ѕп(ОН), + 2NaOH = Na;SnO; + 2H;0 
white ppt sodium stannite 


CH-124 
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(c) Formation of unstable hydroxides which are converted to oxides. 
2AgNO; + 2NaOH = 2AgOH l-2NaNO; 
2AgOH = Ag;0 1 + HO ? 
brown ppt 
НЕСІ, + 2NaOH = 2МаС1+ Hg(OH); 
Hg(OH), = HgO J + HO 
yellow ppt 


4. Action on metals : Some metals like Zn, Al, Sn, Pb in powdered condition react with 
hot and concentrated solution of caustic soda yielding soluble salts and hydrogen gas. 
Zn +2NaOH = NajZnO;-*H;T 


sod. zincate 
2Al + 2NaOH + 2H;O = 2NaAIO, + 3H; T 
sod. aluminate 
Sn + 2NaOH + HO = NajSnO;-* 2H, T 
sod. stannate 


5. Action with non-metals : ) 
(a) White phosphorus reacts with hot апа concentrated solution of caustic soda yielding 
phosphine and sodium hypophosphite. 
P, 3NaOH + 3H20 = PH; T + 3NaH;PO; 
(b) Halogens (Clo, Br; and Iņ) react with caustic soda yielding different products under 
different conditions. 
(i) With cold and dilute solution of caustic soda halogens give sodium halides and 
hypohalites. 
X, +2NaOH = NaX + NaOX + НО 
sod, hypohalite 
(ii) With hot and concentrated solution of caustic soda, excess halogens give halides and 
sodium halates. 4 
3X, + 6МаОН = 5NaX + NaXO; + 3H;O 
sodium halate 
where X = Cl, Br and I. · : 
(c) Boron reacts with NaOH to form sodium borate with the liberation of hydrogen. 
2B +6NaOH = 2NajBO, + 3H; T 
(d) Hot sulphur reacts with caustic soda to give a mixture of sodium thiosulphate and 
sodium pentasulphide. 3 
12S + 6NaOH = М№а5;0; + 2Na;S, + 3H20 
(e) Silicon reacts with hot and concentrated solution of caustic soda to give hydrogen and 
sodium silicate. с 3 
Si + 2NaOH + H,O = NajSiO; + 2H; T 
6. Silica reacts with caustic soda to form sodium silicate. 
SiO; + 2NaOH = NajSiO; + НО 
7. Fused caustic soda reacts with carbon monoxide under pressure (6 atmos) with the 
formation of sodium formate. | 
СО + NaOH = HCOONa i 
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[C] Uses of sodium hydroxide (caustic soda) : Sodium hydroxide is used (i) in the 
manufacture of soap, paper, artificial silk etc., and inorganic compounds such as hypochlorites, 
chlorates, nitrites etc., and in the extraction of metallic sodium, (ii) in refining petrolium and 
for mercerizing cotton, (iii) in the preparation of pure alumina from beauxite, (iv) as a 
laboratory reagent. 


4. Sodium carbonate (Na;CO;, 10H30) : 

Sodium carbonate exists in different forms e.g., anhydrous sodium carbonate or soda ash 
(Na,CO;); monohydrate or crystal carbonate (Na;CO H0); deca hydrate or washing soda 
or sal soda (Na3CO 10H50). 

Sodium carbonate was obtained from the ash of plants growing on the sea shore. 

[A] Preparation : Sodium carbonate in manufactured on a large scale by the following 
methods— 

(1) Le Blanc process, (2)Ammonia-soda or Solvay process and (3) Electrotytic process. 


(1) Le Blanc process : 

[a] Raw materials : The raw materials used in this process are (i) Sodium chloride, (ii) 
Concentrated sulphuric acid, (iii) lime stone and (i) coke. 

[b] Principle : In the first step, sodium chloride is heated with concentrated H5SO, to 
produce sodium sulphate. < 
2NaCl + Н,50; = №50; + 2НСІ T 

In the next step, the produced sodium sulphate (salt cake) is mixed with its own weight of 
lime stone and half of its weight of coke and the mixture is heated to 1000°C when salt cake 
is reduced to sodium sulphide by coke. 

i NaS0,*4C = №5 + 4 CO Î 

Lastly the produced sodium sulphide reacts with lime stone to produce sodium carbonate 
and calcium sulphide: 

NaS + CaCO; = Na;CO; + CaS } 

Sodium carbonate is separated from the insoluble calcium sulphide by dissolving the 
mixture in water. 

[c] Procedure : The process consists of three operations— 

(i) Production of salt cake (№504) : 

This operation is carried out in a gas tight furnace containing a cast iron pan (P) and a 
hearth (H). The hearth is z 
a chamber made of fire 
clay called muffle, which 
is directly heated by hot 
gases coming out from a 
fire place. The charge of 
equal amount of sodium 
chloride and conc. H2SO4 
is first heated in the iron 
pan, when sodium 
bisulphate and hydrogen 
chloride are produced. 
Hydrogen chloride thus 
produced as by-product 
escapes through ari outlet. 
The residue in the pan is Gas оше rn 
obtained as a pasty mass : 4 3 
which Ws unreacted dadas o ré 
sodium chloride and sodium bisulphate. This pasty mass is raked into the adjacent hearth and 


Absorption tower 


J^ 
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heated strongly (800°C), when more hydrogen chloride and sodium sulphate are produced. The 
sodium sulphate thus obtained is called зай cake. 
In the pan — NaCl + HSO, = NaHSO,- НСІ T (250°C) 
Inthe hearth — NaCl + NaHSO, = NaSO, + НСІ Î (800°C) 
The hydrogen chloride gas which escapes from the furnace is absorbed by water trickling 
down in a tower packed with coke to produce commercial hydrochloric acid. 


(ii) Conversion of salt-cake into black ash : 

The salt cake is taken out from the hearth and then cooled and ground to powder. The 
powdered salt cake is mixed with its own weight of lime stone and half its weight of coke and 
the mixture is heated to 1000°C in a rotating furnace. At this high temperature salt cake is 
reduced to sodium sulphide by the coke, which reacts with lime stone to form sodium carbonate 
and calcium sulphide. 

Na SO, + 4С = NajS-4CO ^; NaS + СаСО; = NaCO; + CaS 4 

The mixture of sodium carbonate and calcium sulphide is called black ash. It contains 45% 
sodium carbonate. 

(iii) Lixiviation of black ash : 

The black ash thus obtained, is powdered and lixiviated with water in large tanks when 
sodium carbonate dissolves in water and the insoluble products settle down at the bottorof the 
„tank which is called alkali 

waste. The clear supernatant ` 
liquidis taken out. This liquid 
contains sodium carbonate 
and some caustic soda. 
[Caustic soda is produced in 
the following way—some lime stone 
.İs decomposed to give lime. СаСОз 


LL 
NaSO, +С ا‎ = CaO « CO; f. Lime thus produced 
+ limestones ct combines with water to produce 
calcium hydroxide. СаО + H20 = 
Са(ОН). Calcium hydroxide thus 
Fig. 2.8 : Conversion of salt-cake into black ash produced reacts with NazCOs 


solution to form sodium hydroxide. 
Са(ОН), + Ма;СОз = СаСОз 4 + 2NaOH ] 

(iv) Purification : 

Carbon dioxide is passed through the sodium carbonate solution contaminated. with 
sodium hydroxide, when sodium hydroxide is converted to sodium carbonate. 

2NaOH + СО, = Na,CO; + HO 

The sodium carbonate solution freed from NaOH is evaporated to yield soda crystals ог 
washing soda. These hydrated crystals are heated strongly when anhydrous sodium carbonate 
or soda ash is obtained. | 

[The alkali waste which is left їп the tank contains calcium sulphide and the sulphur present in calcium con 
be recovered as follows— 

CoS + HO + CO? = СаСОз + H2S ; 2925 + О; (air) = 2920 + 251 

This process is very expensive and the sodium carbonate obtained by this process is по! pure. Hence his 
process is totally obsolate today. Only the first step of this process is used to prepare salt cake which is extensively 
used in glass and ceramic industry.] 
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(2) Ammonia-soda process or Solvay process : 


[a] Raw materials : The raw materials used in this process are— (i) a strong aqueous 


solution of sodium chloride or brine, (ii) ammonia, (iii) lime stone. - 


[b] Principle :А sol ution of sodium chloride (brine) is made saturated with ammonia. Then 
excess of carbon dioxide is passed through this solution and the temperature is kept at 30°C— 


35°C. As a result— 


(i) Ammonium bicarbonate is produced by the action of СО, with aqueous solution of 


ammonia. 


NH; +Н;О + СО, = NH4HCO, ; 


(ii) The ammonium bicarbonate thus produced reacts with sodium chloride with the 
formation of ammonium chloride and less soluble sodium bicarbonate. At 35°C the less soluble 


sodium bicarbonate is precipitated. 


NH4HCO; + NaCl == NH4CI + NaHCO, 4 


This reaction is reversible, consequently about two-third of sodium chloride is converted 


to sodium bicarbonate. 


(iii) Sodium bicarbonate thus obtained is calcined to produce sodium carbonate and 


carbon dioxide. 


2NaHCO; = Na,CO; + HO + CO; 1 
The СО» thus produced is used again for carbonating the ammoniacal brine. 


(iv) Ammonium chloride obtained as filtrate is boiled with lime to regenerate ammonia 


which is.used again to saturate fresh solution of sodium chloride. 
2NH4CI + Ca(OH), = 2NH; f + 29,0 + CaCl, 
(v) Lime and CO, are produced by heating lime stone in a kiln. 


CaCO; = СаО + CO; f 


[c] Procedure : The process consists of the following operations— 


(i) Preparation of ammoniacal brine : This operation is carried out in a special type of 
iron tower called ammoniating tower. From a reservior, stream of saturated solution of sodium 


chloride (brine) is allowed to trickle down the tower which is 
fitted with a number of shelves. Each shelf has a bubbling 
device and a vertical pipe. The brine which trickles down, 
forms a layer on the floor of each shelf and flows down the 
vertical pipes from one compartment to the next below. 
Ammonia enters through the bottom of the tower and passes 
up bubbling through the layers of brine in each compartment. 
By this process an intimate mixing of ammonia with brine 
occurs and as a result brine gets saturated with ammonia. 
Now, ammonia dissolves in brine with the evolution of heat 
and so the solubility of ammonia in brine is decreased. This 
difficulty is overcome by circulating cold water through 
coils dipped in brine and the temperature is maintained at 
about 30°С. 

Brine always contains salts of Ca, Mg and Fe as impurities. 
On the other hand CO, is always found to be present with the 
ammonia from the still. Consequently when ammonia is 
passed through the brine, the salts of Ca, Mg and Fe are 
precipitated as their carbonates. The ammoniacal brine thus 


Aqueous solution of 
zz \ NaCl (brine) 


water NH, gas 
Ammoniacal н 
sodium pptof 
chloride insoluble 
solution salts 


Fig. 2.9 : Ammonia tower 


produced passes out at the bottom and is allowed to settle in a settling tank. Here the insoluble 


carbonates of Ca, Mg and Fe settle down and are removed. 
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(ii) Carbonation of ammoniated brine: This operation is carried out in a tall, cylindrical 
iron tower called Solvay's tower. This tower is fitted with a number of shelves. Each shelf has 


acentral hole which is covered by a perforated hood. The ammoniacal brine is introduced into 
the tower from the top and is allowed to flow downwards so 


- "OmoUl а to fill the lower part of the tower completely. 

Carbon dioxide is produced in a lime kiln which is 
forced under a pressure of 2.5 atmospheres into the tower 
at the base. Thus carbon dioxides rises up from the base 
and is thoroughly brought in contact with the descending 
ammoniacal brine at each shelf. As a result sodium 
bicarbonate and ammonium chloride are formed. Sodium 
bicarbonate is sparingly soluble in brine. As the reaction 
is an exothermic one, heat is evolved which causes the 
increase of the solubility of sodium bicarbonate. 
Consequently, the tower is cooled by the circulation of 
cold water through coils fitted in the lower part of the 
tower. The temperature is kept at 30°C—35°C. Sodium 
bicarbonate is precipitated and passes out with the solution 
at the base. 


dee 
Ammoniacal 
brine 


Solvay 
tower 


Shelves 


ich Mt (iii) Separation of sodium bicarbonate : Sodium 
ко & NH,CI bicarbonate is separated from ammonium chloride by 
solution filtration with the help of arotary suction filter. The separated 
sodium bicarbonate is then dried. The filtrate ammonium 
‘Fig. 2.10 : Solvay tower chloride is pumped into the ammonia recovery tower. 
c Ammonia 
recovery 


tower NH, 


—+ NH,Cl solution 


Ammoniacal 
NaCl solution 


ppt of insoluble salts 
solution Filler 

Fig. 2.11 : Solvay process | 
(iv) Calcination of sodium bicarbonate : The dried sodium bicarbonate is calcined ina | | 


rotary furnace at 180°С, when sodium bicarbonate is decomposed to give anhydrous sodium | 
carbonate (soda ash) and carbon di-oxide. СО; thus obtained is passed into the Solvay tower. 


(v) Recovery of ammonia : The filtrate containing NH4CI is sent to ammonia recovery - 
tower where it is heated with slaked lime by steam. NH; thus produced is sent to ammoniating 


tower. 
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(3) Electrolytic process of manufacturing sodium carbonate : 

[a] Principle : Sodium carbonate is produced by electrolysing a concentrated solution of 
sodium chloride (brine) in Hargreaves Bird diaphragm cell and passing steam and CO; into the 
cathode chamber. The sodium chloride dissociates to form Na* and CI ions in the solution. The 
aqueous solution also contains Н" and ОН” ions due to the slight dissociation of water. 

When electric current is passed, the Na* and H* ions are attracted towards the cathode and 
Н" ions are discharged at the cathode in preference to Na* ions and H gas is liberated at the 
cathode. Due to the discharge of H* ions, the excess OH" ions are left in the solution, The CI” 
ions having greater concentration in the solution are discharged at the anode and chlorine is 
liberated there. The Na* and OH" ions which are left in the solution form NaOH adjecent to 
cathode. The solution around the cathode is heated by steam and CO». The produced NaOH 
reacts with steam and carbon di-oxide to form sodium carbonate. 

NaCl => Na' «Cl 
HO = H'«OH 
Atcathode: Н+ e = Н Atanode: Cl -e = Cl 


H+H = Hf CI «CI = Cb f 
Na* + OH? => NaOH 
2NaOH + CO, = Naj;CO;-H;O.- 


[b] Description of the cell : Hargreaves Bird diaphragm cell consists of a rectangular 
iron box lined inside with cement. It is divided into three compartments by partitions made of 
asbestos. The central compartment is the anode chamber containing carbon rod which acts as 
the anode. The cathode is made of copper wire gauze. : 

The whole of the inner surface of copper wire gauze is Gas carbon anode 
covered with the asbestos which acts as porous 
diaphragm. Thus the copper gauze forms the cathode 
compartment. Sodium chloride solution is fed into the 
anode compartment through an inlet at the bottom 
which escapes through an outlet at the top of anode 
compartment. Steam and CO, are sent into the cathode 
compartments by two inlet tubes. The sodium chloride 
solution from the anode compartment diffuses through 
the porous partitions and thus keeps the cathodes 
moist. On the electrolysis of NaCl solution, hydrogen 
is liberated at the cathode which passes out through an 
outlet. Chlorine is liberated at the anode which passes 
out through a separate outlet at the top of the anode 183 = 
chamber. Caustic soda formed at the — m NaCO; solution Na;CO; solution 

in the cathode compartment by diffusion through the мү اظ‎ 
diaphragm and M with CO; to form sodium "9 2.12 : Horgreaves-Bird diaphrogm cell 
carbonate. The produced sodiurfi carbonate dissolves in steam and the solution collects at the 
bottom of cathode compartment. It is taken out and is concentrated in vacuum evaporators when 
NaCI present with Na,CO, are separated as crystals. The sodium carbonate solution freed from 
NaCl is then evaporated to yield sodium carbonate crystals. 


€ Advantages and disadvantages of Solvay process : 

(a) Advantages : 

(i) Common salt and lime stone are the raw materials used in this process which are 
cheap and easily available and costly H2SO, is not used in this process. Consequently 
this process is much less expensive. 

(ii) The process is continuous and the rate of production of sodium carbonate is also high. 
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(iii) In this process the sodium carbonate produced is about 99.596 pure. 
(iv) Ammonia and carbon di-oxide, regenerated in this process are used again and again. 


(v) The consumption of fuel in this process is much less as evaporation of any solution is 
not required. 


(vi) Sodium bicarbonate produced in this process is used extensively as medicine and in 
the preparation of baking powder. 

(b) Disadvantages : The disadvantages of this process are— 

(i) The whole of the chlorine present in sodium chloride is lost as calcium chloride. 

(ii) The calcium chloride which is obtained as by-product has no adequate use. 

(iii) About one-third of the sodium chloride initially taken remains unchanged and thus 
wasted. 

(iv) Some part of costly ammonia is also lost in this process. 


ө Le-Blanc process : 

(a) Advantages : 

(i) Saltcake (Na?SO,) produced in this process is extensively used in the glass and ceramic 
industry. 

(ii) Hydrochloric acid is obtained as by-product, has its use in the manufacture of chlorine, 
metallic chlorides and in dye industry, 

(iii) The alkali waste which is leftafter the extractions of sodium carbonate contains calcium 
sulphide. This is used for sulphur recovery. 

(b) Disadvantages : 

(i) The soda obtained in this process is not pure. 

(ii) The consumption of fuel in this process is much high. 

(iii) The process is expensive as costly H2SO, is required in this process. 

€ Electrolytic process : 

(a) Advantages : 

(i) It delivers sodium carbonate of much higher purity. 

(ii) The process is continuous and much cleaner. 

(iii) Chlorine and hydrogen are obtained as by-products which are used in many industries. 

(b) Disadvantages : 

(i) This process is commercially successful only in those places where electricity is 
very cheap. 

(ii) The yield of sodium carbonate by this process is not sufficient to meet the demand. 


[B] Properties of sodium carbonate : 

(1) On evaporation and subsequent cooling of sodium carbonate solution yields a white 
crystalline solid of composition Na;CO;, 10H;O. This is known as washing soda or sal soda. 
As this decahydrate is an efflorescent substance, on exposure to air, each molecule of the 
decahydrate loses 9 molecules of water of crystallisation to give monohydrate or crystal 
carbonate, NaCO}, H20. 


Ма›СОз, 109,0 > Ма›СОз, HO +9H,0 t 


On being heated at 100?C the monohydrate is converted to anhydrous sodium carbonate 
which is known as soda ash (Na;CO;). Soda ash is a white amorphous powder. When it is heated 
further it melts at 854?C but does not decompose. 
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(2) Hydrolysis : As it is a salt of weak acid (carbonic acid, HyCO;) and a strong base 
(NaOH), it dissolves in water to give an alkaline solution due to hydrolysis. 
NaCO, == 2Na + СО5- 
29,0 == 2H'420H- 


Na,CO, *2H;0 = 2[Na' + OH] + H;CO, 

As the produced HCO; is a weak acid, it does not ionise much—most of it remain as 
molecules. On the other hand the produced NaOH being a strong alkali ionises completely. As 
aresult the concentration of OH" ions in the final solution is much increased and so the solution 
becomes alkaline which turns red litmus blue. 


(3) Action on acids : At ordinary temperature, it reacts with acids with the formation of 
the respective salts and evolution of CO»: 


Na;CO; + H;SO, = Na,SO, + СО, + HO; NaCO; + 2HCI = 2NaCI + CO; + H;O. 

(4) When carbon di-oxide gas is passed through a cold and concentrated solution of sodium 
carbonate, sparingly soluble sodium bicarbonate is obtained. 

Na,CO, + CO, + H;O = 2NaHCO, 

(5) At 80°C sodium carbonate solution reacts with calcium hydroxide to form sodium 
hydroxide and calcium carbonate. 

Na;CO; + Са(ОН), = 2NaOH + CaCO, } 

(6) Action on metallic salts : 

(a) Excepting the salts of alkali metals, sodium carbonate solution reacts with aqueous 
solution of certain metallic salts to produce insoluble metallic carbonates which are precipitated. 

MgSO, + NaCO, = MgCO;l + Na,SO, ; 
Pb(NO,), + NaCO, = PbCO, 1 + 2NaNO, 
BaCl, + NaCO, = BaCO, } + 2NaCl; 
CaCl, + NaCO, = CaCO, } + 2NaCl. 

(b) In case of some metallic salts which are produced by the action of weak base and strong · 
acid, the hydroxides or the basic carbonates of the metals are precipitated with the evolution 
of CO». 

(i) Thus whenasolution of sodium carbonate is added to a solution of ferric chloride, brown 
precipitate of ferric hydroxide is obtained and CO, is evolved. 

2FeCl,+6H,O =>  2Fe(OH) + 6(H* + СГ) 
ЗМ№а,СО, + 6(Н* + СІ) == 6NaCl + ЗСО, + ЗНО 


sarengi ses lee хиса а а гыйы ныш н уйдай ыш‏ واوا وار 
2ЕеСЬ + 3Na,CO;+3H,O = 2Ее(ОН): і + З№аСі + ЗСО,‏ 
(ii) Aqueous solution of aluminium salts form а gelatenous white precipitate of aluminium‏ 
hydroxide with the evolution of CO;.‏ 
AL(SO;) + 3Na;CO; + ЗНО = 2АКОН), 1 + 3Na,SO, + 3CO,T‏ 
(iii) In сазе of a solution of a cupric salts, bluish white precipitate of basic carbonate is‏ 
obtaitied.‏ 
2СиС1„ + 2Na;CO; + HO = CuCO;, Cu(OH), + 4NaCI + CO;‏ 
Ammonium salts on being heated with sodium carbonate gives off ammonia and CO),‏ )7( 
2NH,Cl + Na,CO; = 2NaCl + 2NH; + CO; + H;O‏ 
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(8) With halogens. An aqueous solution of Na;CO; undergoes hydrolysis with the 
formation of NaOH which reacts with chlorine to form sodium chloride and sodium hypo 
chlorite. З 
Na,CO, + 2H,0 = 2NaOH + HCO, 

Cl, + 2NaOH = NaCl + NaOCl + H;O. 

[С] Uses : Sodium carbonate is extensively used (i) in the manufacture of sodium 
hydroxide, glass, sodium silicate and soap, (ii) for washing textile fabrics, (iii) for softening 
hard water and as a laboratory reagent. (iv) It is also used in fire extinguishers and in paper 
industries. Textile and paper industries together consume 30 percent of the total output of 
sodium carbonate. 


5. Sodium bicarbonate (NaHCO) : 

[A] Preparation : Sodium bicarbonate is prepared in the laboratory by passing excess of 
carbon di-oxide through a saturated solution of sodium carbonate when sparingly soluble 
sodium bicarbonate is precipitated. It is collected, washed and dried without heating. _ 

NaCO; + СО, + H;O = 2NaHCO;1 

@ Manufacturing process : 

Sodium bicarbonate is obtained as an intermediate product by Solvay process. 

The ammoniated brine, freed from the salts of Ca, Mg and Fe is produced in the ammonia 
tower. This ammoniated brine is introduced into the Solvay tower from the top and is allowed 
to flow downwards so as to fill the lower part of the tower. Carbon di-oxide produced in a lime 
kiln is forced under a pressure of 2.5 atmosphere at the base which rises up and is thoroughly 
brought in contact with the descending ammoniacal brine at each self of the tower. As a result, 
carbon, di-oxide at first reacts with aqueous solution of ammonia, to produce ammonium 
bicarbonate. The ammonium bicarbonate thus produced reacts with sodium chloride to form 
ammonium chloride and sodium bicarbonate. Being sparingly soluble, sodium bicarbonate is 
precipitated at 35'C. 

NH, + CO, + H,O = NH,HCO, 
NH,HCO; + NaCl = МН,СІ + NaHCO, } 

The pasty mass of sodium carbonate collects at the bottom of the Solvay tower is taken out 
andis filtered by rotary suction filter to get crude sodium carbonate which is contaminated with 
NH,, NaCl, МН,СІ, CO, etc. It is washed with cold water to remove NH,Cl and NaCl. It is then 
dissolved in hot water and the solution is heated with steam coil when CO, and NH; are removed 
completely. Now CO, is passed again through this solution when almost pure sodium carbonate 
is precipitated. It is separated by filtration and dried in air. 

[B] Properties : (i) Sodium bicarbonate is white crystalline solid. (ii) It is sparingly 
soluble in cold water but its solubility increases with the rise of temperature. 

(ii) It undergoes hydrolysis and its aqueous solution becomes slightly alkaline. 

NaHCO, == Na* + НСО; 
HO = H*«OH 


NaHCO; + HO => (Na + ОН?) + HCO: 


(iii) On being heated, it dissociates at 100°C to form sesqui carbonate (Na,CO;, NaHCO;, 
2Н,0). On further heating it dissociates completely at 250°C to yield sodium carbonate with 
the evolution of CO». 


2NaHCO; = Na,CO; + CO; 1 + HO 


Baking powder : Baking powder is a mixture of sodium bicarbonate aad potassium 
hydrogen tartarate. When baking powder comes:in contact with water, CO, is liberated. 
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(iv) Sodium bicarbonate reacts with acids (HCl, H,SO,, HNO;) with the formation of the 
respective salts and CO, is evolved. 
: NaHCO, + НСІ = NaCl + СО, + H;O 
(v) It precipitates certain metallic salts as normal carbonates which are precipitated by 
Na,CO; as basic carbonates e.g., Zn^*, Mg”, 
ZnCl, + 2NaHCO; = ZnCO, { + 2МаС1 + H;O + СО, T 
[C] Uses : Sodium bicarbonate is used— 
(i) in the preparation of baking powder, 
(ii) in medicine to reduce the acidity of stomach, 
(iii) in the preparation of effervescent drinks and fruit salts, 
(iv) in fire extinguisher. 
ө Conversion of sodium bicarbonate to sodium carbonate and vice versa. 
(a) Sodium bicarbonate — sodium carbonate : 
Sodium bicarbonate on being heated strongly decomposes to give sodium carbonate 
and CO). 
t 2NaHCO, = Na;CO; + CO; 1 + HO 
(b) Sodium carbonate — sodium bicarbonate : 
When excess of carbon di-oxide js passed through a saturated solution of sodium carbonate, 
sparingly soluble sodium bicarbonate is precipitated out from the solution. 
Na,CO, + СО, + HO = 2NaHCO; 
ө Distinguishing tests of Na;CO; and NaHCO; : 


Test 


melts butdoes notdecompose to give Na;CO3 and CO». The 
liess pane CO; CO, Wi» fa томе milky 
2NaHCO3 = NazCO3 + CO» + НО 
Са(ОН), + СО; = СаСОз | + НО 
(2) 2 drops of The colour of the solution turns | The colour of the solution does not change. 
Бает ê ее) z pink. The solution remains colourless. 


the aqueous soln. 
No ppt. is obtained as the produced 
маноз) is soluble in water. 
MgSO, + 2NaHCO; = MglHCO3l? + 
№504. 
On boiling the solution, а white ppt. of 
MgCO; is obtained 


(3) махои solution is Miei of MgCO; is 
Ма;СОз + MgSO, = MgCO; + 
+ №2504 


Mg(HCO:l = MgCOs 1 + СО; + НО 
(4) wi solution is beret spiego No precipitate. 
ANazCO3 + 4HgClo = Hg4Os, 


CO + 8NaCl + 3CO? 


ө Test of bicarbonate in presence of a carbonate : 
Excess of CaCl, solution is added to a mixture containing bicarbonate and carbonate. The 
whole of the carbonate and part of the bicarbonate is precipitated as СаСО). 

CaCl, + Cor = СаСОз 1 4 2Cl ; CaCl, + 2HCO; = Ca(HCO;), + P: 


Ca(HCO;), «= CaCO, } + CO; * H,O 
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After few minutes it is filtered and the clear filtrate is treated with a little NH,OH solution. 
‘A white ppt. or cloudiness confirms the presence of bicarbonate. 


Ca(HCO;), + 2NH,OH = CaCO, + (NH,);CO, + 2H;O. 


6. Sodium chloride or common salt, (NaCI) : 

Sodium chloride is abandantly found in nature as rock salt and in sea water which contains 
about 2.5% of sodium chloride. 

[A] Preparation : 

(i) From sea water : In tropical countries, sodium chloride is prepared from sea water. Sea 
water is taken in large shallow iron tanks which is evaporated by the action of wind and the sun. 
As the sea water gets concentrated, crystals of sodium chloride separate out from the solution. 
These crystals of sodium chloride are collected and used as common salt. After the separation 
of common salt, the mother liquor which is left behind is called ‘‘bittern’. It contains halides 
of magnesium. The common salt thus obtained is not pure. It contains sulphates and chlorides 
of Ca, Mg etc., as impurities. 

(ii) In the laboratory sodium chloride is prepared by the action of sodium hydroxide with 
hydrochloric acid. 

NaOH + НСІ = NaCl + H,O 

The aqueous solution thus obtained is made concentrated when crystals of sodium chloride 
separate out from the solution. 

(iii) Pure sodium chloride : 

(a) When pure and dry chlorine is pased over heated pure metallic sodium, pure sodium 
chloride is obtained. 

2Na + СІ, = 2NaCl 

(b) Common salt is contaminated with the chlorides and bromides of Ca, Mg etc. Іп order 
to obtain pure sodium chloride, a saturated solution of common salt is filtered and a stream of 
pure hydrogen chloride gasis passed through this fitrate when pure sodium chloride crystallises 
out leaving behind the impurities in the solution. Pure sodium chloride is separated as crystals 
from the solution as the solubility of sodium chloride is lowered down due to the common ion 
(СГ) effect. The crystals are collected, washed with pure conc. HCI and then heated in a 
platinum basin to remove НС1 and water. Thus, nearly 100% pure sodium chloride is obtained. 

Na* + СГ + H* + СГ = NaCl 4 

[B] Properties : Sodium chloride is colourless crystalline solid. Its melting point is 
815°C. It is soluble in water. Pure sodium chloride is not deliquescent, but due to the presence 
of calcium chloride and magnesium chloride it attracts water vapour from the atmosphere and 
becomes moist and turns into liquid in the rainy season. 

(i) Sodium chloride is a strong electrolyte. In fused condition or in aqueous solution it 
ionises completely as Na* and СГ ions. 

(ii) On being heated with сопс. H;SO,, sodium chloride gives off hydrogen chloride. 

NaCl+H,SO, = NaHSO,+ НСІ (150°C) 
NaCl + NaHSO, = Na,SO, + НСІ (500°С) 

(iii) A mixture of manganese di-oxide and sodium chloride when heated with conc. H,SO,, 

chlorine gas is evolved. 
2NaCl + MnO, + 3H,SO, = 2NaHSO, + MnSO, + Cl, + 2H;O 

(iv) When CO, is passed through ammoniacal solution of sodium chloride, sparingly 
soluble sodium bicarbonate is precipitated. 

NH, + СО, + H,O = NH,HCO, 
NH,HCO, + NaCl = NaHCO, 1 + NH.CI. 
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(v) It gives a white precipitate of silver chloride when treated with silver nitrate solution. 
NaCl + AgNO; = AgCI 1 + NaNO; 

[C] Uses : Sodium chloride is used—(i) as an essential constituent of food, (ii) as 

preservative for food articles e.g., fish, meat etc., (iii) in freezing mixture, (iv) for the salting 

out of soap and for glazing pottery, (v) in the manufacture of NaOH, sodium, NaSO, and 


Na,CO;. 
Electrolysis of fused NaCl Metallic о, 
Down's Process Na 
NH; + CO; + ЊО = NH,HCO; ^ 


сг 
| HNO; 
Electrolysis of aqueous NaCl : - 
Nelson diaphragm cell NaNO; 
| Мез Sone Hou н т 
Нео! m 
|. ces OS PESO aint Гв] 


| C. Reduction 


pol 
NaS ҮП", HS 


7. Sodium sulphate—Glauber's salt. [Na;SO,, 10H;O] : 

[A] Preparation : 

(i) Sodium sulphate is prepared in the laboratory by adding sodium carbonate to dilute 
sulphuric acid till there is no effervescence. The solution thus obtained is filtered and the filtrate 
is concentrated by evaporation. On cooling the concentrated solution below 32°C the crystals 
of sodium sulphate decahydrate №50, 10H;O separate out from the solution. The crystalsare 
collected from the solution and dried. This is known as Glauber’s salt. 

Na,CO; + H,SO, = NaSO; + СО; î + HO. 

(ii) Salt cake is commercially prepared by Le Blanc process. Equal amount of sodium 
chloride апа сопс. H;SO, are taken in an iron pan in a gas tight furnace. There is a hearth 
adjacent to the iron pan which is directly heated by hot gases coming from a fire place, sodium 
bisulphate and hydrogen are produced by the action of NaCl on conc. H;SO,. The HCI produced 
escapes through an outlet. The residue left in the pan contains unreacted sodium chloride and 
sodium bisulphate. This pasty mass is raked into the adjacent hearth and heated strongly 
(600°C) when more hydrogen chloride and sodium sulphate are produced. The sodium sulphate 
thus obtained is called salt cake. 

The salt cake is then lixiviated with water and a little lime is added to neutralise the H,SO,. 
It is filtered and the filtrate is made concentrated and then cooled to 32°C when sodium sulphate 


decahydrate crystallises out. 
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[B] Properties : It is colourless crystalline solid containing 10 molecules of water of 


crystallisation per molecule of sodium sulphate. The decahydrate effloresces in dry airforming . 


anhydrous salt. It is soluble in water—the solubility increases with the rise of temperature up 
to 32.98?C, then with the further rise of temperature its solubility decreases. 

(i) When it is treated with the aqueous solution of lead, barium or strontiun salts, it forms 

the corresponding insoluble sulphates. 
Pb(NO;); + Na,SO, = PbSO, | + 2NaNO, 
BaCl, + Na;SO, = BaSO,1 + 2NaCI. 

(ii) Sodium sulphate is reduced to sodium sulphide when it is heated with coke at high 
temperature. 

Na,SO, + 4C = NaS + 4CO T 

(iii) A mixture of sodium sulphate and silica on being heated strongly gives sodium silicate 
and SO}. 

NaSO; + SiO, = Na,SiO, + SO, T 

(iv) A mixture of anhydrous sodium sulphate, lime stone and coke on being heated yields 
sodium carbonate. 

NaSO, + СаСО, + 4C = NaCO; + CaS + 4CO Т 

(у) When a solution containing equivalent amount of anhydrous Na;SO, and conc. H;SO, 
is cooled, prismatic crystals of sodium bisulphate are obtained. 

Na,SO, + H,SO, = 2NaHSO, 

[C] Uses : Sodium sulphate is used (i) in the manufacture of craft paper and window glass, 
(ii) in the preparation of NaS, Na,S,O, and NaHSO,, (iii) in medicine as mild purgative. 

8. Sodium nitrate / Chili saltpetre (NaNO,) : 

Sodium nitrate occurs as caliche deposits in nature in Chile. The crude caliche contains 
nearly 75% of sodium nitrate, common salt, potassium nitrate and sodium iodate. 

[A] Preparation : (1) The crude caliche is dissolved in hot water when sodium nitrate goes 
into the solution.The solution is filtered and concentrated. On cooling, the crystals of sodium 
nitrate are separated. The crystals are collected and dried. The mother liquor iniit 4 sodium 
iodate which is used for the recovery of iodine. 

(2) In the laboratory, sodium nitrate is prepared by dissolving sodium carbonate or caustic 
soda in nitric acid, The solution thus obtained is concentrated and on cooling the concentrated 
solution, crystals of sodium nitrate separate out from the solution. 

NaOH + HNO, = NaNO, + HjO; NaCO, + 2HNO, = 2NaNO, + CO, + HO 

[B] Properties : (i) Sodium nitrate is white crystalline deliquescent solid. 

(ii) It is highly soluble in water. 

(iii) It melts at 316°C. On further heating, it decomposes to give sodium nitrite and oxygen. 

2NaNO, = 2NaNO, + ОТ 

(iv) In fused state sodium nitrate exhibits its oxidation property. Thus when a piece of 
glowing charcoal is thrown into molten sodium nitrate it bursts into flame and burns brilliantly 
producing sodium carbonate, CO, and N;. 

4NaNO, + 5C = 2 Na,CO, + 3CO;1 + 2N;T 

Feebly burning sulphur burns brilliantly in molten NaNO, producing sodium sulphate, 
SO, and N;. 

` 2NaNO; + 25 = Na,SO, + 50, + №, 
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(v) When it is heated with concentrated H,SO,, nitric acid is produced. 
2NaNO, + H;SO, = Na;SO, + 2HNO, T 


(vi) Sodium nitrate, on being heated with concentrated solution of NaOH and aluminium 
or zinc dust, is reduced to give ammonia. The nascent hydrogen produced by the action of 
caustic soda on zinc or aluminium reduces sodium nitrate to ammonia. 


4Zn + 8NaOH = 4Na;ZnO, + 8H 
NaNO, + 8H = NaOH + NH, + H;O 


4Zn + NaNO; + 7NaOH = 4Na;ZnO; + NH; + HO 

[C] Uses: It is used, in the manufacture of nitric acid, potassium nitrate and sulphuric acid. 
(ii) It is extensively employed as a fertiliser as it is soluble in water and is directly assimilated 
by plants. 

9. Sodium thiosulphate (See Vol I) 

e Microcosmic Salt [Na(NH4)HPO,, 4H20] : 

[A] Preparation : The salt is prepared by dissolving equimolecular quantities of 
disodium hydrogen phosphate and ammonium chloride in boiling water and subsequent 
crystallisation, 


NH,Cl + Na,HPO, = NaCl + Na(NH,)HPO,. 

[B] Properties : Colourless crystal, sparingly soluble in water. On being strongly heated, 

it loses NH;, steam and leaves behind colourless transparent sodium meta phosphate. 
Na(NH,)HPO, = NH; Т + HO + NaPO; 

Microcosmic bead test : A small circular loop is made at the free end of a clean platinum 
wire. It is heated in a non luminous bunsen flame and is dipped in powdered microcosmic salt 
when a small quantity of the salt adheres to the loop of the platinum wire. The loop with the salt 
is heated again, when a solid, colourless transparent bead is formed on the loop which is called 
microcosmic bead. It is then touched with the metallic salt and is heated in the oxidising flame 
of the bunsen burner just like borax bead test. Formation of coloured orthophosphates of metal 
confirms the basic radical in the qualitative inorganic analysis. Thus a blue phosphate bead is 
obtained with cobalt salt. 

NaPO, + CoO = NaCoPO, (blue bead) 

Silica is not dissolved in the phosphate bead. When silica is heated in a microcosmic bead 

‘silica skeleton’ is observed in the bead during and after fusion. 
MgSiO; + NaPO; = NaMgPO, + SiO; i 

This is sometime used to test silica and silicate radical. It is used in the microcosmic bead 
test for the identification of Co, Cu, Fe, Cr, Ni, and Mn salts. 

e Sodamide NaNH, : When dry: NH; is passed over metallic Na at 250°C, sodamide is 
obtained. 

2Na + 2NH; = 2NaNH; + Н, 
It is white solid, melts at 210°C. It is decomposed by water. 
NaNH; + НО = NaOH + NH. 
With dry H; it produces sodium hydride. 
NaNH, + Н; = NaH + МН. 

Sodium cyanide is formed when CO is passed through hot sodamide. 

2NaNH, + CO = NaOH + NaCN + NH;. 


It is mainly used in organic chemistry as dehydrating agent. 
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e Potassium e 


Symbol : K. Atomic number : 19. Atomic weight : 39.1 
Electronic configuration : 1s? 2s? 2p? 35? 3p* 4s! 

Occurrence : Being extremely reactive, potassium is not found in free state in nature, 
Potassium occurs chiefly as— . 

(i) Sylvine — KCl, (ii) Carnallite — KCl, MgCl, 6H;O, (iii) Felspar — KAISi O;, 
(iv) Salt petre — KNO,, (v) Kainite — KCl, MgSO,, 3H;O. 

. € Extraction of potassium : 

(1) By the reduction of potassium carbonate : Metallic potassium is prepared by heating 
potassium carbonate with charcoal at white heat. The vapour of potassium thus obtained is 
rapidly cooled. If the cooling becomes slow, explosive potassium carbonyl К(СО), is formed 
and may cause accident. This process is obsolete at present. 

K,CO, + 2C = 2K + 3CO T 

(2) Potassium can be extracted by reducing molten potassium chloride with metallic | 

sodium at 850°С. The reaction is represented as 
Na(g)* КСК) =  NaCl(/) + K(g) T 

Potassium being more volatile, distills off more readily and is removed from the system. As 
a result the equilibrium shifts towards the right yielding more potassium. 

(3) Metallic potassium may also be obtained by heating potassium fluoride with calcium 
carbide at 1000°С. The potassium obtained by this process is 99.7% pure. 

2KF + СаС, = 2K + CaF, + 2C 

Potassium thus obtained is stored under kerosine. 

е Potassium can not be isolated by the electrolysis of fused potassium chloride like that of NaCl in 
Down's process or by the electrolysis of KOH like that of Castner’s process— Explain why ? 

This is due to the fact that (i) metallic potassium is very soluble in molten KCI or in molten KOH. Consequently 
the liberated potassium at the cathode not float on the surface of molten KCl or KOH. As a result it is not 
possible to collect the liberated potassium from the cell. 

(ii) Itvaporises readily at the operating temperature and subsequently condenses as minute drops spreading 
throughout the molten electrolyte. The vapours of potassium may cause health hazards. 

[B] Properties of potassium : 

Potassium is silver white, soft metal. It is lighter than sodium. Its density is 0.85 g сп. 
Potassium is а good conductor of heat and electricity. 

(1) Potassium is more reactive than sodium : This is due to the fact that the removal of 
4s! electron of potassium atom is much easier than that of 35! electron of sodium atom. 
Consequently the ionisation energy of potassium is lower than that of sodium. 

(2) Action on air and oxygen : Dry air has no action on potassium but in moist air it is 
readily covered with a film of oxide which reacts with the moisture to form Aydroxide and 
finally into carbonate. The metal has a high lustre when freshly cut, but turnishes rapidly due 
to the formation of oxide, hydroxide and carbonate layer at its surface. 

On being heated in air or oxygen, potassium burns with a violet flame to form peroxide and 
super oxide. 


2K + O, = KO; 
K +0, = KO, 3 
(3) With-water : Potassium reacts violently with water at ordinary temperature with the 
formation of Aydroxide and liberating hydrogen. 
2K + 2H;0 = 2KOH +H: T 
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(4) With halogens : Potassium burns spontaneously when comes in contact with halogens, 

forming Aalides. 
2K + X; = 2KX where X is halogen. 

All the halides of potassium are ionic in nature and soluble in water. 

(5) With hydrogen : Potassium combines with hydrogen at 360°C with the formation of 
potassium hydride. 

2K + H, = 2KH 

Potassium hydride is soluble in water and is a good reducing agent. The oxidation number 
of K in KH is +] and that of H is -1. 

(6) With ammonia : When a current of ammonia is passed over heated potassium, 
potassium amide is formed with the liberation of Нз. 

2K + 2NH; = 2КМН, + Н, 

(7) Reducing property : As the removal of 4s' electron of potassium is much easy and the 
ionisation energy of potassium is much lower, it acts as a powerful reducing agent. 

(i) Burning potassium continues to burn in carbon di-oxide when CO, is reduced to carbon 
and potassium is oxidised to form potassium carbonate. 

4K + ЗСО, = 2K,CO,+C 1 

(ii) Potassium also reduces boron tri-oxide, magnesium chloride, aluminium chloride to 

form the respective elements. 
B,O, + 6K = 3K,0 + 2B; MgCl, + 2K = 2KCI + Mg. 


[C] Uses of potassium : Potassium is used (i) for the preparation of potassium cyanide and 
potassium amalgam, (ii) as a source of oxygen. Potassium forms super-oxide:by direct 
combustion in air. The produced KO; reacts with CO; and water to produce oxygen. 

4KO, + 29,0 + 4CO, = 4KHCO; + 30;, 

(iii) Used in photo-electric cell. (iv) An alloy of sodium and potassium is used in high 
temperature thermometer, 

@ Compounds of potassium : 

1. Oxides of potassium : 

Three types of oxides of potassium are known— (a) Potassium monoxide (K:0), 
(b) Potassium super oxide (КОЗ) or (K;O,), (c) Potassium sesquioxide (K;O:). 


[A] Preparation : (a) 4K (excess) + О, ___180°C ^, 2K,0; or by heating KOH 
with potassium. (reduced pressure) pot, mono- 


2KOH + 2K = 2K,0 +H, T 
(b) By burning potassium in excess О; or by the action of ozone on KOH, potassium super 
oxide is produced. 
К + O; (excess) = KO, 
2KOH + О, = 2KO, + HO 
(c) On passing О through potassium dissolved in liquid ammonia potassium sesquioxide 
is produced. 
4K + 30, =2K,0; 
[В] Properties : Potassium monoxide is а white and hygroscopic solid. Potassium super 
oxide is a chrome yellow powder. : 
Potassium monoxide dissolves in water to form potassium hydroxide. 
K;O + H;O = 2KOH. 
CH-II/25 
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Potassium super oxide dissolves in water to give hydrogen peroxide and oxygen. 
2KO, + 2H,O = 2KOH + H,0, + О, 
Potassium super oxide reacts with CO, and water to produce О,. 
4KO, + 2Н›О + 4CO, = 4KHCO; + 30, 7 

[С] Uses : Potassium super oxide is used as an emergency source of oxygen in mines, 
submarines and in space vehicles. 

2. Potassium hydroxide—Caustic potash (KOH). 

[A] Preparation : Potassium hydroxide is prepared like that of. caustic soda i.e., by the 
electrolysis of aqueous solution of potassium chloride or by the action of lime on potassium 
carbonate. The methods of preparation are exactly similar to those of sodium hydroxide which 
have already described earlier. 

Potassium hydroxide may also be obtained бу treating potassium sulphate to a warm 
solution of baryta [Ba (OH),]. 

K,SO, + Ba(OH); = 2KOH + BaSO, 1 

The insoluble barium sulphate is separated by m and the filtrate on evaporation gives 
caustic potash. 

[B] Properties : It is white and crystalline and is extremely deliquescent. It melts at 
360°C without decomposition even at higher temperature. It dissolves in water with the 
evolution of heat. 

It is stronger base than caustic soda. - 

Potassium hydroxide is more soluble in alcohol and consequently it is usea'in organic 
reactions instead of caustic soda. 

Potassium hydroxide is better absorber of CO; than caustic soda. This is because of the fact 
that potassium carbonate is more soluble in water and does not separate out. 

Potassium hydroxide resembles sodium hydroxide in chemical properties. 

[C] Uses : Potassium hydroxide is used — (i) in the manufacture of soft soap and for 
absorbing CO, and SO,, (ii) for drying gases as it is extremely jer rh (iv) in the form of 
alcoholic caustic potash in organic reactions. 

3. Potassium carbonate, Potash or Pearl ash (K,CO;): 


[A] Preparation : It is to be noted that it is not possible to prepare potassium carbonate 
by Solvay process like that of sodium carbonate. This is due to the fact that potassium 
bicarbonate, being highly soluble in water, does not precipitate out from the solution and as a 
result it is not possible to separate it from NH,CI formed in the solution. 

(i) Le Blanc process : 

Potassium chloride obtained from carnallite is reacted with conc. H,SO, to produce 
potassium sulphate. A mixture of potassium sulphate, coke and lime stone is heated strongly 
in a rotating furnace when K;SO, is reduced by coke to form potassium sulphide which reacts 
with the lime stone to produce potassium carbonate and calcium sulphide. 


KCI + H;SO, = KHSO, + НСІ 1 (150°C) 
KCI + KHSO, = K,SO, + НСІ 1 (600°C) 
K,SO, + 4C = KS +4COT; KS + CaCO; = K,CO, + CaS } 


The product is lixiviated with water when K;CO; dissolves in water. The solution of 
K,CO, is separated from the insoluble products and is evaporated to yield solid potassium 


carbonate. 
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(ii) Precht's process : 

In this process СО; is passed into potassium chloride solution at 20'C in presence of 
hydrated magnesium carbonate whenan insoluble double carbonate (Mg CO,, KHCO,,4 HO) 
is precipitated. The produced magnesium chloride remains in the solution. 

2KCI + 3(MgCO,, 3H,0] + СО, = 2|MgCO;, KHCO,, 4H;O] J + MgCl, 
Mag: Pot; hydrogen carbonate 

Magnesium potassium hydrogen carbonate is separated by filtration. It is then decomposed 
in either of the following methods— 

(a) It is heated to 140°C under pressure when the double carbonate is decomposed to give 
soluble potassium carbonate and insoluble magnesium carbonate. 

2[MgCO;, KHCO, 4H,0] = K,CO, + 2MgCO, 4 + СО, Т + 9H,0, 

(b) It is agitated with a suspension of magnesium oxide in water below 20°C, when the 
double carbonate is decomposed to produce soluble КСО; and insoluble hydrated magnesium 
carbonate. 

2[MgCO.. KHCO.. 4H;O] + MgO = 3[MgCO,, 3H,0] І + K,CO, 

The magnesium carbonate thus produced is removed by filtration and the filtrate containing 
K,CO;, on being concentrated and subsequent cooling yields crystals of potassium carbonate 
(K;CO;, 2Н,0). 

[B] Properties : It is white crystalline deliquescent solid which melts at 900'C. It is more 
alkaline and more soluble in water than sodium carbonate. The mixture of sodium carbonate 
and potassium carbonate in moleculer proportion melts at 700°С and is known as fusion 
mixture. 

In red hot condition it reacts with steam to produce caustic potash and CO). 

K;CO, + H;O (steam) = 2KOH + CO,T 

It undergoes hydrolysis in its aqueous solution and the solution becomes alkaline which 
turns red litmus blue. 

K,CO, == 2K*«CO; 
2H,0 == 2H*+20H™ 


K,CO,+2H,O == 2[K*« OH] + HCO; 
Potassium carbonate resembles sodium carbonate in most of its chemical properties. 
[C] Uses : It is used— (i) in the manufacture of soft soap, hard glass and many potassium 
compounds, (ii) in the laboratory as fusion mixture which melts at much lower temperature. 


4. Potassium bicarbonate (KHCO,) : 
It is prepared by passing excess of CO; through a cold and.saturated solution of potassium 
carbonate. 
K,CO, + CO, + H:O = 2KHCO, 
Potassium bicarbonate resembles sodium bicarbonate in most of its chemical reactions but 
it is more soluble in water than sodium bicarbonate. 
It is used in medicine. 
5. Potassium sulphate (K;SO,) : 
[A] Preparation : (i) It is prepared by treating KCl or KOH with dilute H;SO,. 
2KCI + H,SO, = K,SO, + 2НСІ 
2KOH + H,SO, = K,SO, + 2H,0 
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(ii) It can also be prepared by heating potassium chloride with conc. H,SO,. 
2KCI + H;SO, = K;SO, + 2HCI t 

(iii) Potassium sulphate is prepared from the naturally occurring mineral schonite (K,SO,, 
MgSO,, 6H;O), by digesting it with sylvine (KCI). The solution thus obtained is concentrated 
and then cooled when least soluble crystals of potassium sulphate separate out. 

K,SO,, MgSO,, 6H;O + 2КС1 = 2K,SO, + MgCl; + 6Н;О 

[B] Properties : It is white crystalline solid. Itis less soluble in water than sodium sulphate. 
It melts at 1050"C. Unlike sodium sulphate, the crystal of potassium sulphate does not contain 
water of crystallisation. On being heated with carbon it is reduced to potassium sulphide. 

K,SO, + 4C = K,S + 4CO t 

It forms a series of double salts with the sulphates of trivalent metals like Al, Cr etc., e.g., 
K,SO,, Al,(SO,)3, 2490. 

[C] Uses : It is used (i) for the manufacture of potash alum, chrome alum and glass, (ii) as 
fertiliser for tobacco and wheat, (iii) as purgative in medicine. 

6. Potassium nitrate (KNO;) : 

It occurs as nitre or saltpetre. 

[A] Preparation : It is prepared by treating concentrated solution of potassium chloride 
with chile saltpetre (NaNO;), when by double decomposition potassium nitrate and sodium 
chloride are produced. 

NaNO; + KCI = KNO; + NaCl | 

The solution thus obtained is concentrated and cooled when less soluble sodium chloride 
separates out. It is removed by filtration. The filtrate is cooled to 32°С when potassium nitrate 
separates out as crystals. 

[B] Properties : It is colourless crystalline solid which melts at 339°C. It is soluble in 
water. 

. It decomposes at red hot yielding potassium nitrate and oxygen. 
2KNO, = 2KNO, + О,7 

Potassium nitrate is a powerful oxidising agent. Glowing charcoal, feebly burning sulphur, 
phosphorus burst into flame and burn brilliantly when come in contact with fused potassium 
nitrate. For this property of potassium nitrate, it is used in the preparation of gun powder, which 
is am intimate mixture of potassium nitrate, sulphur and charcoal in the ratio of 6 $ 1 1 by 
weight. On ignition explosion takes place due to the sudden production of a large volume of 
different gases (№, CO,, CO, SO;). д 

4KNO, + 5С = Na;CO, + ЗСО, + 2N; 
2КМО, + 25 = NaSO, + $0,+ № 
: [C] Uses : It is used (i) as fertiliser, (ii) in the manufacture of gun powder, fire works, 
(iii) in glass industry and (iv) in the preparation of nitric acid and (v) in medicine. 

7. Potassium chloride (KCI) : ; 3 

[A] Preparation : Carnalite (KCl, MgCl, 6H0) is crushed to powder and the powdered 
carnalite is agitated in hot water. The solution thus obtained is filtered and the filtrate is cooled. 
Potassium chloride being less soluble than MgCl, crystallises out first. The. crystals are 
collected. Pure potassium chloride is obtained by recrystallisation. 

(ii) Pure potassium chloride is obtained by passing dry hydrogen chloride gas through а 
saturated solution of potassium chloride when crystals of pure potassium chloride separate out 
from the solution. 
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[B] Properties: Itis whitecrystalline solid. Its melting pointis 790°C. Itis soluble in water. 

[С] Uses: Potassium chloride is used (i) as a fertiliser, (ii) in the manufacture of various 
compounds of potassium e.g., caustic potash, potassium carbonate, potassium dichromate, 
potassium chlorate etc. 

Ф Tests for compounds of potassium : 

(i) Flame test : Potassium salts on being heated on a platinum wire, moistened with conc. 
НСІ, gives a violet colour to non luminous bunsen flame. When seen through cobalt glass the 
flame appears red. 1 

(ii) Wet test : When a solution of sodium cobaltinitrite is added to a solution of potassium 
salt, a yellow precipitate is obtained which is insoluble in dilute acetic acid. 

Na;[CO(NO)),] + 3KCI = Ki[CO(NO;),]  3NaCI 
„ (iii) A white precipitate of potassium perchlorate is formed when perchloric acid is added 
to a concentrated solution of potassium salt at room temperature. 
HCIO, + KNO; = KCIO, | + HNO.. 


e Lithium e 
Symbol = Li Atomic number = 3 Electronic Configuration = 1 2s ^ Atomic Weight = 6.94 


History : The credit of discovering Lithium oxide goes to Johan August Arfvedson as 
early as 1817. The name lithium was given to this alkali by Berzelius as it was discovered in 
the mineral kingdom (Lithios, Greek to denote stone). Brande and Davy succeeded inisolating 
lithium by decomposing Lithia with a powerful battery. Bunsen and Matthiessen isolated 
lithium by the electrolysis of Lithium chloride in 1855. 

Occurrence : The important lithium bearing minerals are— 

(1) Spodumene or Triphane [Li AKSiOs;], (2) Patelite [LiA\(Si,Os),], 

(3) Lepidolite [(Li Na K),Al,(SiO;),(F, OH);], (4) Amblygonite [Li(F, OH), AIPO,] 

€ Extraction of lithium : 

[A] Preparation of pure LiCl: 

(i) All the methods for the isolation of lithium mainly involve the conversion of the ore into 
pure lithium chloride followed by its electrolysis. 

(ii) Lepidolite is finely ground and this finely divided ore is fused with a mixture of BaSO,, 
KSO, and BaCO; at 1200°C — 1500°C in an electric furnace. 

(iii) The mixture is separated into two layers— the upper one mainly consists of a mixture 
of Li;SO, and K;SO,. The lower layer consisting of ALO,, SiO; etc., is rejected. 

(iv) The upper layer is extracted with hot water and the resuling solution is treated with a 
saturated solution of BaCl. f 

(v) The white residue of BaSO, is separated by filtration and the clear filtrate consisting of 
LiCl and KCI is evaporated to dryness in a stainless steel container. 

(vi) The white mass is warmed with absolute alcohol. LiCl is soluble in alcohol but KCI 
is insoluble. KCI is an important by-product obtained by filtration. 

(vii) The filtrate on slow evaporation below 19°C gives a white crystals of LiCl, 28,6. Pure 
lithium is obtained by the electrolysis of this pure LiCl. 

[B] Isolation of metallic lithium : 

Metallic lithium is prepared by the electrolysis of molten lithium chloride. A mixture of 
60% pure LiCl and 40% KCl is electrolysed in a graphite retort (acts as anode) with a thick iron 
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wire which acts as cathode. A current of 100 amperes at 10 volts is passed through the molten 
LiCl when metallic lithium is obtained at the cathode. The yield is about 80%. 
Reactions: LiCl; => Li* + СГ у 
At cathode: Lit +e Li; Atanode: CI -e > Cl 
Cl+Cl=Cl,T 

[C] Properties : 

(1) Lithium is light silvery white metal. Its, m.p. is 179°C апа b.p is 1317'C. It can exist 
in two allotropic forms— o-lithium and B-lithium. The transition temperature is 60°C. It is 
good conductor of heat and electricity. It gives crimson red colourto the non luminous bunsen 
flame. 

T (2) Lithium turnishes in air but less rapidly than sodium and burns in air with the formation 
of lithium monoxide. ALi- O, = 21,0 


| (3) It is the only alkali metal which combines directly with nitrogen to form nitride 
similar to Mg. 6Li +N, = 2LiN 

(4) It reacts with cold water to férm lithium hydroxide and hydrogen. 

Li+2H,O = 2LiOH + H, 

(5) In red hot condition it combines with H; to form lithium hydride. 

2Li +H, = 2LiH 

(6) It combines with ethanol to liberate hydrogen. 

2C;H,OH +214 = 2C;H;O0Li + Н, 
(7) With halogen it forms halides and with sulphur it forms sulphides. 
да+ Cl, = 2LiCl, 2Li+S = 8. 

[D] Uses : (1) Lithium metal and its compounds are used in infra-red and ultra violet 
transmission, diamond synthesis, in ceramics, in structural materials as deoxidiser. It is also 
used in achromatic lens and as catalyst. 

(2) Lithium water, lithium bicarbonate, citrate and salicylate are used in medicine. 

(3). AIkyl and aryl lithium are used in organic chemistry. Lithium aluminium hydride is 
one of the most powerful reducing agent used in organic reactions. Metallic Li is used to 
purify noble gases. - 

(4) It is used in making alloy. An alloy of zinc and Al containing 0.1% Li is similar to 


mild steel in elastic property and tensile strength. An alloy of composition 85 % Mg, 
14 % Li, 1% Alknown as LA— 141 is used in the construction of aero space vehicle and armour 


plate. 
(5) Isotope Lif is used in atomic reactor. 


€ Detection of lithium salts. 

(1) Lithium salts impart a crimson red colour to the non luminous bunsen flame clearly 
visible when observed through cobalt glass. 

(2) When an aqueous solution of NH4F is added to an aqueous solution of Li salt, a white 
gelatenous precipitate is formed at room temperature. 

LiCl + МНЕ = LiF + NH,Cl 

(3) To an alkaline solution of lithium salt when Na;HPO,, is added, a white precipitate of 

lithium phosphate is formed. 
3LiCl + Na;HPO, + NaOH = Li;PO, + 3NaCl + H;O. 
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ө Separation of Lithium salt from a mixture of sodium and potassium salts, 

To the given aqueous solution containing Li*, K* and Na* ions, concentated НСІ is added 
and the solution is evaporated to dryness, Addition of HCl is necessary to convert the salts into 
chlorides. The residue is extracted with either absolute alcohol or acetone. These solvents 
dissolve only LiCl. It is filtered. The filtrate contains LiCl while the residue contains NaCl and 
KCI. The filtrate is evaporated to dryness and subjected to flame test. A crimson red colour to 
the flame confirms Li. 

€ Compounds of Lithium : 

(1) Lithium chloride (LiCl). 

In the laboratory it is prepared by neutralising finely divided Li,CO, with dilute HCI and 
slowly evaporating the resulting solution. 

ГСО, + 2HCI = 2LiCl + СО, + HO 

Properties : It is white and highly deliquescent solid of m. p. 606°C. It forms hydrated 
crystal with water unlike NaCl, KCI. Below 19°C it is dihydrate LiCl, 2H;O. At 19°C it be 
comes monohydrate and at 93.5°C it becomes anhydrous. Due to the small size, the polarising 
power of Li* is very high, hence lithium compounds are partially covalent unlike Na and K 
compounds. Due to this partial covalent character of LiCl it is soluble in organic solvents while 
compounds of Na or K are not soluble in organic solvents. 

Uses : It is used (i) as a flux in welding Al and Mg, (ii) in the preparation of metallic Li, (ii) 
in air conditioning to control humidity. Я 

(2) Lithium bicarbonate (LiHCO,). 

It is known only in aqueous solution, obtained by the action of CO;, water and lithium 
carbonate. When warmed it liberates CO). 

2LiHCO, = Li,CO, + СО, + H;O 

Aqueous solutions of LiHCO, are sold under the name of lithia water and is used in the 

treatment of gout. 


€ Comparison of the properties of lithium with those of other alkali metals— 
Diagonal relationship with magnesium : 

Although lithium is the first member of Group 1А of the periodic table, it differs consi- 
derably from the other members of the group. On the other hand it is analogous to magnesium, 
amember of Group II A. This is called diagonal relationship. Small size of Li* ion coupled with 
its large polarisation power (Fajan's rule) make lithium different from other members of 
Group I A. It is important to note that the ionic radius and polarising power of Lit ion are 
similar to those of Mg** ion. Hence these two elements (placed diagonally in the periodic table) 
resemble in their chemical properties. 

Similarities of lithium with magnesium and its dissimilarities with other alkali metals are 
given below : 

1. Lithium is much harder than other alkali metals but comparable to magnesium. Its 
melting point and boiling point are much higher than other alkali metals. The m.p. and b.p. of 
Magnesium are also high. Except Li, all other alkali metals are soft. 

2. While metallic lithium decomposes water slowly at room temperature, other alkali 
metals do so violently producing hydrogen. They catch fire because their reaction with water 
are highly exothermic. Cold water has no action on Mg but boiling water can only decompose 


magnesium. 
Mg + 2H;0 = Mg(OH); + H: 
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3. On burning in air lithium like magnesium forms monoxide and nitride. 

4Li + O» = 2Li;O; 2Mg + О, = 2MgO 
6Li +N, = 2LiN; 3Mg + № = MgiN; 

Lithium is the only alkali metal which can form nitride. t 

Other alkali metals form both monoxide and even peroxide. Cs and Rb form superoxide 
also. 

4. LiOH decomposes at red heat to form Li,O. Other alkali metal hydroxides sublime 
unchanged. Magnesium hydroxide also on heating forms MgO. 

. 2LiOH = 14,0 + H;O; Mg(OH), = MgO + H;O 

Again; LiOH has the lowest solubility in water among the hydroxides of alkali metals, 
Mg(OH), is also sparingly soluble in water. й 

5. While other alkali metal hydroxides аге strong bases, LiOH is rather a weak base like 
Mg(OH);. 

6. LiH is stable to 900°C while NaH decomposes at 350°C and other alkali metal hydrides 
decompose even at lower temperature. f 

7. Ш.СО, is the only alkali metal carbonate which is thermally unstable and on heating 
gives rise to Li,O and CO. МЕСО, on heating evolves CO;. Other alkali metal carbonates only 
melt on heating but never evolve CO). 

8. LiSO, in contrast to Na,SO,, К,50,, Rb,SO, and Cs,SO, does not form any alum with 
M,(SO,); (M = Al, Cr, Fe, Mn, Co, T, V, Ir etc.). 11,50, is not isomorphous with other alkali 
metal sulphates. у 

9. Bicarbonate of lithium (LiHCO,) is only obtained in aqueous solution like Mg(HCO,);. 
Other alkali metal bicarbonates are salid and stable at room temperature. 

10. LiNO, on heating evolves brown fumes of NO; along with О, like Mg(NO,),. Other 
alkali metal nitrates on heating form nitrites and O}. 

4LiNO; = 2Li,0 + 4NO,+0,; | 2Mg(NO,),= 2MgO + 4NO, + О, 
2NaNO; = 2NaNO, + О; 2KNO, = 2КМО, + O». 

€ Explain why the dipole moment of lithium iodide is much lower than the expected value : 

This is because of the fact that the radii of Li* and Г ions are 0.6A and 2.2A respectively. Hence the inter- 
ionic distance between Li* and Г іп Lil molecule becomes 2.8A. Hence the expected dipole moment of Lil is 
1.2 4.8 x2.8 = 13.44 Debye. Butexperimentally it has been found that the dipole moment of Lil is only 3.25 Debye. 
This anomaly is due to the high covalent character of lithium iodide molecule. Both the polarisation power of Li* 
and polarisabibility of I ion are very high (Fajan’s rule). As a result some part of the outer.electron charge cloud 
of large Г ion is drawn towards the small Li* ion developing appreciable covalent character between Li* and I7 
ion. This explains the lower value of dipole moment in Lil molecule. 

ө 1750; can not form alums while Кг504 can easily form alums— Explain why ? 

It has been found that except LizSO,, all other alkali metal sulphates can form alums with trivalent metal 
sulphates like Alo(SO4]5, Cr2(SO4)3, Fe(SO4) etc. The general formula of such type of alums can be represented 
as A* M**(SO,)2~, 12 HO where A = alkali metals, М = trivalent metals. The formation of alums actually depends 
upon the ionic radii of the constituent cations and their co-ordination number. In all alums including those of 
K250, each cation is surrounded by 6 water molecules giving rise to octahedral symmetry. The coordination 
number of lithium is 4 while that of potassium is 6. Consequently, the accomodation of more than 4 lone pair of 
electrons around lithium is not possible while potassium can do so. Lithium is so small in size that it is not possible 
for itto hold 6 water molecules around it. The presence of dorbital in potassium permits it to hold 6 water molecules 
around it. On the other hand as lithium does not have any d orbital, it can not hold 6 water molecules around 
it. This explains why K2SO, can easily form alums while Li2SO, can not do so. 

ө Li;CO; decomposes on heating to give CO but NaxCO3 does not decompose— Explain why? 

This is due to the fact that the polarisation power of Li* is much higher than that of Na*. As a result Li* can 
draw the outer electron cloud charge of the adjacent О” ion towards itself. This creates stress on the following 
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O~-C bond making it relatively unstable. Now on the application of heat, this O--C bond liberati 

CO» with the formation of LiO. vx : rede Ыш 
li2COs = 1,0 + CO; Î 
The high lattice energy of Li;O stabilises it, as the lattice energy of LiCO; is much smaller than that of LizO. 
OQ  Ontheolher hand the polarisation power of “а? is comparatively low and so 
2M* gw it can not develop any stress on the adjacent OC bond in NazCO3. Hence 
aU itis thermally stable and does not decompose to give CO; on heating. Again 
. O7 the lattice energy of NazO is smaller than that of 0:0 but the lattice of 
General tuce осо! NazCO3 is more than that of Li;COs. Hence NazCO; is more stable thon 
metal carbonate. ics. 
e Lithium forms only monoxide while sodium forms monoxide and peroxide and potassium forms 
monoxide, peroxide and super oxide— Explain why ? 7 
Lithium forms only monoxide but not peroxide or super oxide. This is due to the small size of Li” ion. As ће 
size of Li* ion is small, it can easily stabilize small O% ion. Moreover, the lattice energy of Li20 is very high. The 
anionic radii of O} (peroxide ion) and O (super oxide ion) being comparatively large, the packing of these large 
anions around the small Li* ion is very poor. As a result the peroxides and super oxides of lithium become very 
unstable. Hence Li can not form these two oxides. The cationic radii of Na* and K* being comparatively large, 
can easily stabilize the bigger ОЎ ion. Hence they can form peroxide and the largest K* ion can form even super 
oxide KO2. 


e Questions e 


1. Mention the mostabundant natural source of sodium, Describe the extraction of sodium from caustic soda. 

2. Furnish the following informations in connection with the extraction of metallic sodium by Castner's 
process— 

(i) Composition of the electrolyte, (ii) temperature of the bath, (iii) electrode reactions and the nature cf 
electrodes, (iv) collection of the metal, (у) names of the by products and their uses, (vi) wastage of the metal, 
(vii) why sodium can not be extracted by carbon reduction. 

3.. (a) What are the disadvantages of using sodium chloride alone as an electrolyte for the exttaction of 
sodium by Down's process ? x 

(b) How are the disadvantages are overcome in the Down's process ? » ІН. S. *89] 

(с) Is it possible to extract sodium by the electrolysis of on aqueous solution of sodium chloride ? — 
Justify your answer. 

4. (a) Furnish the following informations in connection with the extraction of metallic sodium by Downs 
process— (i) the composition of the electrolyte, (ii) the temperature of the bath, (iii) reactions at the electrodes and 
the nature of the electrodes, (iv) collection and oa of the metal, (у) names of the by-product and its uses, 
(vi) what happens when an aqueous solution of is electrolysed ? ЇН. $. '90] 

(b) Why is Down's process preferred to Castner's process for the extraction of sodium ? 

5. Mention the merits and demerits of Castner's process and Down's process for the isolation of metallic 
sodium. > 

6. ‘Extraction of а metal from its ore is basically reduction of metallic compounds,'—Comment on the 
statement with regard to the extraction of metallic sodium. [H. S. '92] 

7. (a) Describe the manufacture of sodium carbonate by causticising soda ash. (b) Why the process is called 
causticising process è (c) Why is dilute soda ash solution used for causticisation ? ^s 

8. (а) Write down the stepwise reactions that are involved in the manufacture of sodium catbonate by 
ammonia-soda process (Solvay process). Why is KCO; not prepared by this process? [W.B.J.E. 94] [H. 5. '87] 

(b) What are thé advantages and disadvantages of the process # 

(c) What are salt cake, black ash, washing soda and soda ash ? 

9. Describe the manufacture of sodium carbonate by Le Blane process. Mention the merits and demerits 
of this process. 

10. i mani reof sodium bicarbonate. How would you distinguish between sodium carbonate 
and еен л PA happens when they are heated ? What is boking soda ? [Jt. Ent. 80] 
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3. On burning in air lithium like magnesium forms monoxide and nitride. 

4Li + O, = 2Li;O; 2Mg +0, = 2MgO 
6Li +N, = 2LiN; 3Mg + № = MeN: 

Lithium is the only alkali metal which can form nitride. t 

Other alkali metals form both monoxide and even peroxide. Cs and Rb form superoxide 
also. 

4. LiOH decomposes at red heat to form Li;O. ‘Other alkali metal hydroxides sublime 
unchanged. Magnesium hydroxide also on heating forms MgO. 

. 2LiOH = Li,O + HO; Mg(OH), = MgO + HO 

Again, LiOH has the lowest solubility in water among the hydroxides of alkali metals, 
Mg(OH); is also sparingly soluble in water. Н 

5. While other alkali metal hydroxides are strong bases, LiOH is rather a weak base like 
Mg(OH);. 

6. LiH is stable to 900°C while NaH decomposes at 350°C and other alkali metal hydrides 
decompose even at lower temperature. : 

7. 1СО, is the only alkali metal carbonate which is thermally unstable and on heating 
gives rise to LiO and СО. МЕСО, on heating evolves СО,. Other alkali metal carbonates only 
melt on heating but never evolve CO). 

8. LiSO, in contrast to Na,SO,, K,SO,, Rb;SO, and Cs,SO, does not form any alum with 
M,(SO,); (М = Al, Cr, Fe, Mn, Co, T, V, Ir etc.). Li, SO, is not isomorphous with other alkali 
metal sulphates. š 

9. Bicarbonate of lithium (LiHCO;) is only obtained in aqueous solution like МЕ(НСО,);. 
Other alkali metal bicarbonates are salid and stable at room temperature. 

10. LiNO, on heating evolves brown fumes of NO; along with O, like Mg(NO;)2. Other 
alkali metal nitrates on heating form nitrites and O;. я 

4LiNO, = 211,0 + 4NO; O;; 2МЕ(№О):), = 2MgO + 4NO; + O: 
2NaNO; = 2NaNO,+0,; 2КМО, = 2КМО, + Оз. 

e Explain why the dipole moment of lithium iodide is much lower than the expected valve : 

This is because of the fact that the radii of Li* and Г ions are 0.6A ond 2.2À respectively. Hence the inter- 
ionic distance between Li* and Г in Lil molecule becomes 2.8À. Hence the expected dipole moment of Lil is 
ji» 4.8 x 2.8 = 13.44 Debye. Butexperimentally ithas been found that the dipole momentof Lil is only 3.25 Debye. 
This anomaly is due to the high covalent character of lithium iodide molecule. Both the polarisation power of Li* 
and polarisabibility of I" ion are very high (Fajan’s rule). As a result some part of the outer.electron charge cloud 
of large Г ion is drawn towards the small Lit ion developing appreciable covalent character between Li* and 
ion. This explains the lower value of dipole moment in Lil molecule. 

€ 17504 сап not form alums while К;504 can easily form alums— Explain why ? 

It has been found that except LizSO,, all other alkali metal sulphates can form alums with trivalent metal 
sulphates like Al(SO4)5, Cr2(SO4]5, Fe2(SO 4]; etc. Thegenerol formula of such type of alumscan be represented 
as At M?*(SOJ2^, 12 HO where A = alkali metals, M= trivalent metals, The formation of alums actually depends 
Ороп the ionic radii of the constituent cations and their co-ordination number. In all alums including those 
K2SO,, each cation is surrounded by 6 water molecules giving rise to octahedral symmetry. The coordination 
number of lithium is 4 while that of potassium is 6. Consequently, the accomodation of more than 4 lone pair of 
electrons around lithium is not possible while potassium can do so. Lithium is so small in size that it is not poss! 
for itto hold 6 water molecules around it. The presence of dorbital in potassium permits ittohold 6 water molecules 
around it, On the other hand as lithium does not have any d orbital, it can not hold 6 water molecules around 
it. This explains why K2SO4 can easily form alums while 2,504 can not do so. | 

° Li;COs decomposes on heating to give СО; but NazCO; does not decompose— Explain why ? | 

This is due to the fact that the polarisation power of Li* is much higher than that of Na*. As a result Li? can | 
draw the outer electron cloud charge of the adjacent О” ion towards itself. This creates stress on the following | 
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OC bond making it relatively unstable. Now on the application of heat, this О7-С bond raptures liberating 

CO with the formation of LiO. 
liCO; = 0+ CO, T 

The high lattice energy of LizO stabilises it, as the lattice energy of LizCOs is much smaller than that of ШО. 

se O Onthe other hand the polarisation power of Na* is comparatively low and so 

2 Ah cut it can not develop any stress on the adjacent OC bond in NazCO;. Hence 

ч itis thermally stable and does not decompose to give CO? on heating. Again 

: O7 the lattice energy of NazO is smaller than that of LizO but the lattice energy of 

General siructure of alkali Na;COs is more than that of LiCO;. Hence NazCO; is more stable thon 

metal carbonate. 3. 

e Lithium forms only monoxide while sodium forms monoxide and peroxide and potassium forms 

monoxide, peroxide and super oxide— Explain why ? i 

Lithium forms only monoxide but not peroxide or super oxide. This is due to the small size of Li* ion. As the 

size of Li* ion is small, it con easily stabilize small O ion. Moreover, the lattice energy of Li20 is very high. The 

anionic radii of O? (peroxide ion) and Oz (super oxide ion) being comparatively large, the packing of these large 

anions around the small Li* ion is very poor. As a result the peroxides and super oxides of lithium become very 

unstable, Hence Li can not form these two oxides. The cationic radii of Nat and K* being comparatively large, 

can easily stabilize the bigger OF ion. Hence they can form peroxide and the largest K* ion can form even super 

oxide КО». 


e Questions e 


1. Mention themostabundant natural source of sodium. Describe the extraction of sodium from caustic soda. 

2. Furnish the following informations in connection with the extraction of metallic sodium by Castner's 
process— 

(i) Composition of the electrolyte, (ii) temperature of the bath, (iii) electrode reactions and the nature cf 
electrodes, (iv) collection of the metal, (у) names of the by products and their uses, (vi) wastage of the metal, 
(vii) why sodium can not be extracted by carbon reduction. 

3. (а) What are the disadvantages of using sodium chloride alone as an electrolyte for the exttaction of 
sodium by Down's process ? 1 

(b) How are the disadvantages are overcome in the Down's process * ^ [H. S. '89] 

(c) Is it possible to extract sodium by the electrolysis of an aqueous solution of sodium chloride ? — 
Justify your answer. 

4. (o) Furnish the following informations in connection with the extraction of metallic sodium by Downs 
process— (i) the composition of the electrolyte, (ii) the temperature of the bath, (iii) reactions at the electrodes and 
the nature of the electrodes, (iv) collection and storage of the metal, (v) names of the by-product and its uses, 
(vi) what happens when an aqueous solution of is ? 1н. S. 90] 

(b) Why is Down's process preferred to Castner's process for the extraction of sodium $ 

5. Mention the merits and demerits of Сазїпег'в process and Down's process for the isolation of metallic 
sodium. › 

6. ‘Extraction of a metal from its ore is basically reduction of metallic compounds,'—Comment on the 
statement with regard to the extraction of metallic sodium. ін. 5. 92] 

7. (a) Describe the manufacture of sodium carbonate by causticising soda ash. (b) Why the process is called 
causticising process ? (c) Why is dilute soda ash solution эуен xcii ? аа ae 

8. (а) Write down ће ise reactions that are i in the manufacture of socium ca в 
Ади process is napi Why is КСО; not prepared by this process € [W.B.J.E. '94] [H. S. '87] 

(b) What are thé advantages ond disadvantages of the process ? 

(c) What are salt cake, black ash, washing soda and soda ash ? з Д 

9. Describe the manufacture of sodium carbonate by Le Blanc process. Mention the merils and demerits 
of this process. 

10. Describe the manufacture of sodium bicarbonate. How would you distinguish between sodium carbonate 
and sodium bicarbonate ? What happens when they are heated ? What is baking soda ? Lt. Ent. '80] 
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11. What precautions are taken to prepare caustic soda electrolytically from brine ? 
Describe (i) Kellner-Solvay process, (ii) Nelson process for the manufacture of caustic soda. 
Mention the uses of caustic soda. 

12. (a) Howwill you prepare the following—{i) Sodium peroxide, (ii) Glauber's salt. (b) Describe and explain what 
would you observe when some caustic soda are left exposed to air for along time ? (c) What happens when CO, gas 
is passed through ammoniacal brine at 35°C 2 State one industrial applications of the reaction.  [W.B.J.E. '97] 

13. Explain with equations what happens when— 

(i) Hydrogen is passed over heated sodium and the product is (a) electrolysed, (b) treated with water. 

(ii) Dry ammonia gas is passed over heated sodium at 400°C and the product is treated with water. 

IJ. E. '86] [H. S. 86] 


(її) Sodium nitrate solution is boiled with caustic soda solution and zinc dust. ІН. S. *88] 
(iv) Caustic soda is left exposed to air on a watch glass. 
(у) Caustic soda is gradually added to aluminium sulphate. [H. S. '86] . 


(vi) Excess caustic soda is slowly added to zinc sulphate solution. Hydrogen sulphide gas is then passed 
through this solution. : ІН. S. '90] 

(vii) Carbon dioxide is passed through a saturated aqueous solution sodium chloride kept saturated with 
ammonia. ІН. S. '90] 

(viii) Electric current is passed through an aqueous solution of snc um chloride. ІН. S. 87, '90] 

(ix) Aluminium powder is heated with caustic soda. 

(x) Chlorine gas is passed through caustic soda solution. 


(xi) A mixture of sodium sulphate, lime stone and coke is heated strongly. D. E. '86] ІН. S. '87] 
(xii) Electric current is passed through fused sodium hydroxide. [H. S. '88] 
(xiii) Carbon monoxide is reacted with caustic soda. D. E. 88] 
(xiv) Ferrous sulphate solution is added to a solution of sodium nitrate and conc. H;SO, is added to the 
mixture with саге, ІН. 5. '95] 
(ху) Sodium carbonate solution is added to ferric chloride solution. D. E. '92] [ H. S. (1) 89] 
(xvi) White phosphorus is heated with concentrated solution of caustic soda. 
(xvii) Zinc powder is added to caustic soda solution. ІН. S. (T) '81] 
(xviii), Sodium nitrate solution is boiled with caustic soda solution and aluminium dust. ЇН. S. 91] 


(xix) CO, gas is passed over sodium. 1 

(xx) Washing soda is kept exposed to open air. 

(xxi) Potassium sulphate and aluminium sulphate are allowed to crystallise from an acidic solution 
simultaneously. D. E. '85] 

(xxii), CO, is bubbled through sodium carbonate solution. 

(xxiii) А piece of burning sodium is introduced into a jar of CO;. 

(xxiv) A piece of sodium is treated with water. 

(xxv) A mixture of sulphur trioxide, air and steam is passed over heated sodium chloride. ІІ. I. T. '86] 


(xxvi) A mixture of NaNO», copper turnings and conc. H;SO, is heated. ЇН. S. (T) '81] 
(xxvii) A concentrated aqueous solution of NaCl is electrolysed using mercury cathode and graphite anode 
and the product obtained at cathode is made to react with water is an iron vessel. 1н. S. '94] 
(xxviii) A piece of burning potassium is introduced into a jor of CO3. [J. E. '88] 
(xxix) Aqueous solution of caustic soda is added to an aqueous solution of ferrous sulphate in absence of 
air. The product thus obtained is kept exposed in air. Ін. S. '90] 
(ххх) А mixture of Na;SO, and SiO; is heated strongly. [J. E. '90] 
(xxxi). Soda ash is fused with ferric oxide. È І.Е. '94] 


(xxxii) Potassium super oxide is treated with water. 

(xxxiii) Aluminium sulphate solution is treated with the solution of sodium carbonate. 
(xxxiv) Caustic soda is treated with hot sulphur. j 

[xxxv] Silica is treated with NaOH solution. 

(xxxvi) Iodine is reacted with hot and concentrated NaOH solution. 


ALKALI METALS 63 
14. Explain the following : 


(i) Elements of Gr I A are strong reducing agents. i [Roorkee ‘87] 

(ii) Metallic sodium is obtained by the electrolysis of molten sodium chloride but not by the electrolysis of 
the aqueous solution of NaCl. [Roorkee '84] 

(iii) Sodium and potassiurh do not form complex salts. 

(iv) Alkali metals produce different colours in bunsen flame. [Roorkee '86] 

(у) Sodium is kept under kerosine. D. E. '93] 

(vi) Metallic sodium can be used for drying diethyl ether but not ethanol. II. 1. T. 82] 


(Mii) A stick of sodium hydroxide on exposure to air becomes liquid but after few months it changes to 
white powder. 
viii) The inside surface of a glass bottle containing NaOH solution becomes dull. 
(ix) Commercial common salt becomes liquid in rainy season. 
(x) Sodium carbonate is produced by Solvay process, but the same process is not extended to the 
manufacture of potassium carbonate. i ША, Т. *81] 
(xi) А sodium fire can not be extinguished by water. 
xii) The hydroxides of Al and Fe are insoluble in water but NaOH is used to separate one from the other. 
(ht. 91] 
(xiii) Sodium is extracted from fused caustic soda, instead of an aqueous solution of NaOH. 
| xiv) Pure NaCl is precipitated when hydrogen chloride is passed through a saturated solution of common 
salt. 
(xv) Na is more stronger reducing agent than Al. 
xvi) Sodium or potassium are not found in free state in nature. 
(xvii) FeO can be reduced to Fe by carbon reduction but Na con not be obtained from No;O by carbon 
reduction. 
(xviii) Hydrogen is liberated at the anode during the electrolysis of sodium hydride. 
xix) In Solvay process ammonia is used as the medium. IH. S. '91] 
(xx) Lithium can not form peroxide or super oxide. 
(xxi) CaCl, is added during the preparation of sodium from fused sodium chloride. 
(xxii) Na when dissolves in liquid ammonia, the colour of the solution becomes blue. 
(xxiii) Naturally obtained sodium nitrate always contains some sodium iodate, [J. E. '85] 
(xxiv) The electrical conductivity and reducing power of the solution of Na in liquid ammonia are greater 
than that of metallic sodium. 


(xxv) Iron anode is not used in Down's process for the extraction of sodium. ЇН. 5. '94] 
bavi) The solubility of Glauber's salt first rises with the temperature up to a certain temperature and then 
it decreases. 1н. S. 94] 


(xxvii) In Castner's process a hollow nickel cylinder is used as anode but in Down's process graphite rod 
is used as anode. k 

(xxviii) In Down's process sufficient amount of CaCl, is added to NaCl and the molten mixture is electrolysed. 
As a result of electrolysis Na is liberated at the cathode but not Ca. 

(xxix) MgCl, is not used instead of CaCl to reduce the melting point of NaCl in Down's process. 
xxx) Potassium nitrate is used in gun powder. и 
(xxxi) Ferric carbonate is not obtained by adding Na;CO; solution to ferric chloride solution. 
(xii) Potassium can not be isolated by the electrolysis of fused tae that of NaCl by Down's process. 
(xxiii) Washing soda loses its weight on being exposed to atmosphere. 
ж, Nat is д stable һап К [W.B.J.E. 97] 
15. (a) Starting from sodium chloride how would you prepare the following compounds— 
(i) Na;CO;; [WBHS '97] (ii) NaHCO»; (iii) Na;SO,; (iv) NaNO»; (v) No:5. 
16. Prove that— " 
i) Sodium sulphate contains sulphur. TH. S. 88] 
ii) Sodium carbonate contains carbon. 
iii) Potassium nitrate contains nitrogen. 
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(iv) Sodium hydroxide contains Na, О; and Hz. 

(v) Sodium chloride contains Cl;. 

17. Name the formula and uses of— 

(i) Soda ash, (ii) Glauber's salt, (iii) baking powder, (iv) washing soda, (v) common alum, (vi) salt cake, 
(vii) nitre, (viii) fusion mixture, (ix) common salt, (x) baking soda. 

18. {i) What is the role of CO, in the reaction which occurs when burning piece of potassium is introduced 
into a jar of CO; ? (J. E. '88] 

(ii) The gas evolved by the action of H:O on sodium sulphide is passed through ammoniacal zinc chloride 
solution when a precepitate is formed, What is the colour and composition of that precipitate ? What changes 


occur when this precipitate is treated separately with HCl and NaOH solution 2 Ш.Е. 91) 
(iii) The residue left after the electrolysis of an aqueous solution of NaCl is reacted with (i) Cl, (ii) white 
phosphorus. 


liv) Name a carbonate which on strong heating melts but does not decompose and name another carbonate 
which decomposes оп heating. 
(М How would you distinguish between Na;CO; and NaHCO; with the help of a drop of an indicator ? 
(vi) Give a single test in each case by which the following pairs can be distinguished.— 
(а) КМО» and NaNO; , (b) No;SO, and NaNO; , (c) NaCl and Мо;СО; , (d) Washing soda and 
soda ash, (е) Ма;СО; and NaHCO:. 
19. How can the inter conversion of the following pair of substances be effected ? 
(a) NaOH and soda ash, (b) Ма;СО; and NaHCOs, (c) Na;SO, and Naz, (dj NaHCO; and NaHSO,. 

20. How is potassium carbonate manufactured from Precht's process ? Explain why K:CO; can not be 
prepared by Solvay process ? Why is KOH preferred to NaOH as an absorber of CO, ? 

21. How does lithium occur in nature ? How is pure lithium prepared from one of the cheap source ? What 
happens when lithium carbonate is strongly heated ? What is lithic water ? 

22. Explain the following statement : 

(a) The ionic mobility at infinite dilution is in the order Li* < Na* < К? < Rb* < Cs* 

(b) 150, cannot form alum while KSO, can do so. 

(с) Lithium is the only alkali metal which form nitride. 

(d) LINO; on heating gives brown fumes of NO; but KNO, does not. 

23. The ionisation potential of Cs is lowest and that of Li is highest indicating lithium holds its outer electron 
most tightly but caesium most losely. On the other hand the standard oxidation potential of Li/Li* is maximum but 
that of Cs/Cs* is minimum, indicating that lithium is the strongest reducing agent among alkali metals. How con 
you explain this discrepancy ? 

24. A compound (X) imparts a golden yellow flame and exhibits the following reactions : 

(i) Zine powder when boiled with a concentrated solution of (X) dissolves and hydrogen is evolved. 

(ii) When an aqueous solution of (X) is added to an aqueous solution of SnCl;, a white precipitate is formed 
which dissolves in excess of X. Identify X and write equations for reaction at step (I) and (1). [Roorkee '90] 
[Hints : X= NaOH ; Zn + 2NaOH = NazZnO; + Н; SnCl + 2NaOH = Ѕп(ОН), + 2NaCl 
Sn(OH); + 2NaOH = Na;SnO, + 2H;O ] 

25. A certain compound (X) is used in the laboratory for analysis, its aqueous solution gives the following 
reactions : 

(i) On addition of CuSO, solution, a brown precipitate is obtained which turns white on adding №50». 

(ii) On addition of Ag* ion solution, a yellow precipitate is obtained which is insoluble in NH/OH. | 
Indentify X and give equations for reactions in steps (i) and (ii) , [Roorkee '91] 

[ Hints : X = КІ; 2CuSO, + 4Kl = Cuzl + l2 + 2K,SO, ; h + 2Na;S;Os  Na;S,O, + 2Nal 
Ад? + Г = Аді (yellow ppt) ] 
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е Objective type of Questions : 
1. Select the correct answer (s) : 
(i) Alkali metals are characterised by—{a) bad conductor of heat, (b) high reduction potential, (c) high 
melting point, (d) solubility in liquid ammonia. [Ans. (d)] 
(ii) The metallic lustre exhibited by sodium is explained by (a) diffusion of Na’ ions, (b) oscillation of loose 
electrons, (с) excitation of free protons, (d) existance of body centered cubic lattice. [Ans. (b)] [L 1. T '87] 
(iii) Potassium is kept under— (a) water, (Б) alcohol, (с) ammonia, (d) kerosine. [Ans. (9)] 
(iv) Baking soda is, (a) NaHCOs, (b) No;SO,, (c) Мо;СО,, HO, (d) Na2SO,, ТОНО. ` [Ans. (a)] 
(v). Molten sodium chloride conducts electricity due to the presence of, (a) free electrons, (b) free ions, 
(д) free molecules, (d) atoms of sodium and chlorine. [Ans. (b)] [I. I. T. 81] 
(vi) A solution of sodium in liquid ammonia is strongly reducing agent due to the presence of— (a) Na atoms, 
(b) sodium hydride, (c) sodium amide, (d) solvated electron. [Ans. (d)] Ї. 1. T. 81) 
(vii) Amongst sodium halides NaF has the highest m.p. because it has— (a) highest oxidising power, 
b) lowest polarity, (с) minimum ionic character, (d) maximum ionic character. [Ans. (d)] 
(viii) Na reacts with water more vigorously than Li because it~ (o) has higher atomic weight, (b) is a metal, 
(с) is more electro-positive, (d) more electro-negative. [Ans. (с)] [l. 1. T. 81] 
(ix) Molecular formula of Glouber's salt is— (a) MgSO,, 7920, (b) FeSO,, 7H.O, Ic) CuSO,, 5H;O, 
(d) Na;SO,, 10H;O. [Ans. (d)] [I. 1. T ^85] 
(x) A solution of NazSO, in water is electrolysed using inert electrodes. The products at the cathode and 
anode are respectively— (а) Hz, Oz, (b) Oz, Н», (д Oz, Na, (d) О, 502. [Ans. (a)] (1. 1. 7 *87] 
(xi) Which of the following does not give flame test ? (a) Na, (b) Sr, (с) К, (d) Zn. [Ans. (d)] 
(xii) A compound X on heating evolves a colourless gas. The residue is dissolved in water to obtain Y. CO; 
is passed through the solution of ¥ when X is formed. The compound Xis— (a) NaHCO», (b) NaxCOs, (c) NaNO;, 


(d) KCl. [Ans. (a)] 
(xiii) A pair of compounds which cannot exist together in solution is— (a) NaHCO» and NaOH, (b) NaHCO, 
and НО, (c) Na;CO; and NaOH, (d) NaHCO; and No;CO.. [Ans. (a)] 
(xiv) In aqueous solution of sodium chloride the Nat ions are— (a) hydrolysed, (b) hydrated, (с) oxidised, 
(d) reduced. [Ans. (b)] 
(xv) Elements of Group IA give colour in bunsen burner due to— (a] low m.p., (b) low b.p., (c) softness, 
(d) one electron in the outermost shell. [Ans. (d)) [AIIMS *87] 
(xvi) The first ionisation potential of Na, Mg, Al and Si are їп the following order— (a) Na « Mg « Al « Si, 
(b) Na < Mg > Al < Si, (c) Na > Mg > Al > Si, (d) Na > Mg > Al > «Si. [Ans. (b)] [I. 1. Т. '88] ` 


(хуй) Which of the following is an organo-melallic compound ? 

(a) Lithium methoxide, (b) Lithium acetate, (с) Lithium dimethyl amide, (4) Methyl Lithium. 

2. Fill in the blanks : [Ans. (911011. '97] 
(i) Burning Na reduces CO; Ю............ itself being oxidised to ............ 


(ii) Standard solution of NaOH can not be prepared by direct weighing of NaOH SPORT Ou] 


(iv) The phenomenon of crumbling to powder of sodium carbonate crystals on exposure to air yog : 


(v) КСО) can not be produced by Solvay process because . UNA 
(vi) Na dissolves in liquid NH; fo give a ............ coloured solution containing ... 
(vii) Potash alum is represented by the formula .......... : 

(viii) Sodium dissolved in liquid ammonia is a good conductor of electricity because ............. 


ИТ. '87] 


ALKALINE EARTH METALS AND jb 
THEIR COMPOUNDS (s D 


3.1. Characteristics of Alkaline earth metals—Group II A elements. 


Group HA of the periodic table includes Beryllium (4Be), Magnesium (12Mg), Calcium 
(20Са), Strontium (agSr), Barium (Ва) and Radium (ggRa). Radium is radioactive. These 
elements are very active and consequently they do not occur in 
free state in nature. Due to the similarity in electronic 
configuration of their outermost shell, they closely resemble in 
their physical and chemical properties. They are less soft than 

the alkali metals as the metallic bonding in these metals is 


sa valency electrons. The physical properties of these elements 
аҝа | [Rn]7s | are tabulated below : 


stronger than that of the alkali metals due to the presence of two 


Property Be Mg Ca Sr Ba Ra” 
ETT 4 12 20 38 56 88 
(2) АКС Weight — 90! | 2431 | 4008 | 8767 | 13734 | 226.05 
(3) Atomic volume 49 1397 | 2591 | 3454 | 3672 | 3800 
(4) Density g/cc 1.84 174 1.55 254 | 375 6.00 
(5). Melting point °С 1227 | 650 838 768 | 714-| 700 
(6) Boiling point °C 2770 | 1107 | 1440 | 1380 | 1640 1140 
(7] Atomic radius А 112 1.60 197 215 | 220 i 
(8) lonic radius А 03 07 10 E C RE 148 
(9). lonisation potential KJ/mole| 899 737 590 549 | 503 509 

(10) Electro-negativty a a 12 10 09 09 
(11) Oxidation state +2 TUEA +2 +2 
(12) E^ in volt |-vs5 | -237 | -287 | -289 | -29 | -292 
(13) lonic colour bunsen flame — — Brickred | Crimson | Apple Crimson 
e" TM bl nain Coen |, gokien yim om Че апо Оре ARI aii] гй 


(1) Atomic and ionic radii : The atomic radii are large, but smaller than those of the: 
corresponding alkali metals of Group IA. Due to the addition of an extra electronic shell to each 
element from Be to Ra, the atomic and ionic radii increase from Be to Ra in this group. The 
increase is less marked between Ba and Ra which is due to lanthanide contraction. 

(2) Melting and boiling points : The m:p. and b.p. of these elements are higher than 
those of the alkali metals as the elements have stronger metallic bonding due to 2. valency 
electrons. 

(3) Ionisation potential : Due to small size and greater nuclear charge than those of the 
corresponding alkali metals, the outer mostelectrons are more tightly held than the alkali metals 
and as a result the first ionisation potential of these elements is greater than that of the alkali 
metals. 

As the atomic size increases from Be to Ra the values of the ionisation potential of elements 
decrease from Be to Ra. 
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4). Electro-positive character : Because of the large atomic size and low ionisation 
potential,.coupled with negative standard reduction potential value E V4, these metals are 
strongly electro-positive and this property increases from Be to Ra. These metals can easily lose 
the two valence electrons and thus can undergo oxidation. Consequently these elements are 
strong reducing agents. 

(5) Oxidation state : The alkaline earth metals are bivalent. This is because of the fact that 
(i) these metals have two s electrons in their outermost orbit, (ii) the heat of hydration of the 
di-positive ions of these metals is high and the values of second ionisation potentials of these 
metals are comparatively low. As the positive ions of these metals have inert gas structure, it 
is very difficult to remove the third electron from these elements and consequently the oxidation 
state of these elements is always +2. There is no unpairéd electron in the di-positive ions of 
these metals, hence their compounds are diamagnetic and colourless. 

(6) Flame colouration : Excepting the chlorides of Be and Mg, the chlorides of these metals 
give characteristic colours to the bunsen flame as the electrons are transferred to higher energy 
levels easily. 

(7) Complex formation : Complex formation of a metal is favoured by its small atomic 
size, highly charged ions and availability of empty orbitals of required energy. Since the above 
characteristics are not present in Gr. II elements, these elements are not noted for their ability 
to form complexes. The size of Be is smaller than other alkaline earth metals and so Be forms 
a large number of complexes. Mg and Ca also form complexes but smaller in number. Ba, Sr 
and Ra do not form stable complex. Fluoro complexes of Be are well known e.g., [ВеЕ,] and 
[ВеЕ,] -. The important complexes of Be are basic beryllium acetate, beryllium oxalate. 

(8) Except Be all other metals of this group form ionic carbides (MC;) on being heated with 
coke. Be however forms ВС which is a covalent compound. 

(9) All the metals of Gr. ПА form halides by direct combination with halogens at high 
temperature, but the halides of Be are covalent and halides of other metals are ionic. BCCI, is 
polymeric in the solid state but the other halides are monomeric. The halides of Mg, Ca are 
hydrated while Sr, Ba and Ra halides are anhydrous. The solubilities of these salts decrease with 
the increase of the size of cations. 

ө Anomalous solubility of the sulphates and hydroxides of Group ПА metals : 

The solubility of the sulphates of group IIA metals decreases with the rise of atomic number down the group, 
while thatof hydroxides increases. We know that, lower the solubility product ofa salt, lower is its solubility in water. 

Thus, while Ве(ОН); and Mg(OH); are almost insoluble in water, the hydroxides of other metals of the group 
are sparingly soluble. Ba(OH); is very soluble in water. On the otherhand BeSO, and MgSO, are highly soluble, 
CaSO, is sparingly soluble, while 550, and BaSO, are insoluble in water. 

The solubility of an ionic compound is governed by the relative magnitude of its lattice energy and hydration 
energy (i.e., the energy evolved when the ions are hydrated on coming in contact with water), It the hydration 
energy exceeds the lattice energy, the ions fly apart in the form of hydrated ions and go into the solution. On the 
other hand if the lattice energy exceeds the hydration energy, the ionic compounds become insoluble in water. 

In case of alkaline earth metal sulphates the lattice energies are almost same but the hı ration energies 
decrease from Be** to Ra**, Hence the solubilities of the sulphates decrease. On the other hand the lattice energies 
of the hydroxides decrease from Be to Ва. This becomes less than the hydration energy in the latter members of 
group IIA. Hence the solubilities of the metal hydroxides increase on moving down the group. 

Solubility in liquid ammonia : These metals dissolve in liquid ammonia with the formation of a coloured 
solution. This solution on being evaporated gives hexammoniates which are good conductors of electricity. 

€ Calcium can not be extracted from calcium oxide by carbon reduction Те кыш why? ^ 

li i und in nature. On calcination of limestone CaO is produced. Bul it is not possible 
to pos piens cere carbon reduction process from CaO. This is due to the fact that, Ca is strongly 
electro-positive metal and oxygen isa strongly electro-negative non mêtal. As a result, calcium has astrong affinity К 
for oxygen. So, itis not possible for carbon to reduce СаО by taking away oxygen from it. Beside this, a mixture 
of carbon and CoO on being strongly heated forms calcium carbide instead of the metal. 

CaO + ЗС = CoC, + CO T 
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9 Occurrence of Calcium : 
(i) Carbonate : CaCO, in the form of lime stone, chalk, marble, calcite, Iceland spar, 
Dolomite CaCO;, MgCO, 

(ii) Sulphate : Gypsum or alabaster CaSO,, 2H;O, Anhydrite CaSO, 

(iii) Fluoride : Fluorspar CaF, 

(iv) Phosphate : Phosphorite Ca,(PO,)2, apatite 3Ca(PO,),, CaF, 

(у) Silicate : Lime Felspar or amorthite CaO, ALO,, 2SiO, 

In India limestone is found in Kathiawar, Jabalpur, Каті, Rewa, Jodhpur etc. Black marble occurs in 
Patiwala, Bombay, Pink marble inAravalli belt and Narsingpur (Madhya pradesh) and grey marble in Jodhpur. 
3.2. Extraction of calcium. 

As calcium is strongly electro-positive metal, so it is extracted from anhydrous calcium 
chloride by the electrolytic reduction process. 

` 1. Electrolytic reduction process : 

[A] Principle : Anhydrous calcium chloride is fused by the applications of heat. In the fused 
state calcium chloride dissociates as Ca? and 2CI ions. When electric current is passed through 
fused CaCl, the Са? ions are discharged at the cathode as metallic calcium and СЇ ions are 
discharged at the anode as chlorine gas. 

{ CaCl, <= Ca* +2СГ 
At cathode : Са?* + 2e — Ca (Reduction At anode : 2CI- ~ 2e — СІ, (Oxidation) 


The melting point of CaCl; is 780°C. Much electric energy is consumed to fuse CaCl, at this 
-high temperature. With a view to reduce the melting point of CaCl, from 780°C to 664°C, 
fluorspar (CaF) is added to CaCl;. As a result, electrolysis of CaCl, can be carried out. at 
relatively low temperature. 

[B] Description of the process : (i) The electrolytic cell used for the electrolysis of fused 
CaCl, i is an iron vessel lined inside with a thick layer of graphite , (ii) A mixture of anhydrous 
calcium chloride and fluorspar (CaF) in 
the proportion of 6 1 by weight, is taken in 
the cell which is used as electrolyte. The 
mixture is fused at 700°C by electro-heating. 
(iii) The cell is kept cold by flowing cold 
water at the bottom of the iron vessel, As a 
result a layer of solid CaCl, is formed on 
the graphite which prevents the corrosion 
of valuable graphite inside the vessel. 
(iv) Two graphite rods are suspended 
vertically in the molten electrolytes which 
act as anode. (v) The cathode is a water 
cooled iron rod which at the beginning of 
electrolysis just touches the surface of the 
molten bath. There is an arrangement so that 
the cathode rod can be moved upward as 
well as downward automatically. (vi) On 
passing electric current through the molten 
electrolyte, chlorine is liberated at the anode 

Fig. 3.1: which in used in the industry as a valuable 
by-product. (vii) Metallic calcium is liberated at the iron cathode which is slowly raised by 
an automatic electrical device. The calcium thus liberated at the cathode quickly solidifies (т.р. 
of Ca is 815°C) and attaches itself to the bottom of the raising iron cathode with the formation 
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of a rod which itself now acts as cathode as its lower end always remains in contact with the 
fused electrolyte. (viii) As the rod of metallic calcium thus obtained is covered with a layer 
of solidified CaCl, the produced Ca is protected from the attack of aerial oxygen or nitrogen 
: or from the attack of chlorine liberated at the anode. 
[C] Purification : The calcium thus obtained is purified by melting it in an iron vesel in 
an atmosphere of argon gas when the attached CaCl, and CaF) are removed from it. It is then 
distilled in vacuum at 800°С when pure calcium is obtained. 


€ Chart for the preparation of metallic calcium starting from limestone : 


- (i) Dil HCl and i) NI 
Limestone (ii) Filtration а не йе Precip itate 
(СаСОз) Reaction : Calcium 
gangue, silica | CaCO, +2HC1= | CaChSoln. | Caci,+(NH,),CO,= | carbonate CaCO, 
CaCl, + CO; + H;O CaCO; + 2NH,CI ens 
Dil H 


CaCO, + 2HCI = 
CaCl, ¥ CO, + HO 


Anhydrous Hydrated calcium 
calcium chloride chloride 
+ little СаО CaCl, 6H,0 


Electro heating 
Electrolytic cell iron vessel 
lined inside with graphite. 


Anhydrous 
calcium 
chloride 


Anhydrous calcium 
chloride + fluorsper 
6:1 weight ratio 


Electrolytic reduction 

Electrolyte : fused CaCl, 
Cathode : Ca** + 2е — Ca 
Anode: 2Cl-2e- Cl, 


At cathode : 
Calcium + CaCl, 
as impurity 


Distillation 
Pure in vacuum at 
Calcium 


2. By the reduction of calcium chloride by metallic aluminium. 

Pure and anhydrous calcium chloride on being heated strongly with aluminium powder, is 
reduced to give metallic calcium and aluminium, is oxidised to aluminium chloride. The 
produced AICI is sublimated on heating when pure calcium is obtained as residue. 

3 CaCl; + 2А1 = 3Ca + 2AICI Î. 

3. By the reduction of calcium oxide by Al powder : 

Very pure lime is mixed with aluminium powder and the mixture is taken in a retort made 
of steel, and the mixture is heated strongly in absence of air. CaO is reduced by Al powder to 
produce metallic calcium, which is distilled and is collected in a receiver kept in vacuum. 

3CaO + 2Al = AbO; + 3Ca T 

This is the latest process of extraction of metallic calcium. 

СН-П/26 
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€ Important informations in connection with the extraction of metallic calcium by the 
electrolytic reduction of fused CaCl, : 

li) Raw material used : Limestone (СаСОз) and fluorspar (CaF). Limestone is treated with dil. HCl when 
solution of CaCl; is obtained. The solution is evaporated and cooled when hydrated calcium chloride is obtained, 
Hydrated CaCl, on being heated yields anhydrous calcium chloride. 

(ii) Composition of the electrolyte used and temperature : A mixture of anhydrous calcium chloride and 
fluorspar in Ta role 61 1 by weight is taken in the electrolytic cell and is used as electrolyte. The electrolyte is 
fused at 700°C by electro-heating. Caf? lowers the m.p. of CaCl, from 774°C to 664°C. The electrolysis is carried 
out at 700°C which is below the m.p. of metallic calcium (m.p. 850°C). 

(iii) Nature of electrodes and reactions which take place at electrodes : Two graphite rods are suspended 
vertically in the molten electrolytes which act as anode. The cathode is a water cooled iron rod which touches the 
surface of the molten bath. The fused CaCl is dissociated as Са?* and CF ions. On the passage of electric current, 
Са? ions move towards the cathode and are discharged at the cathode as metallic calcium. The Cl ions move 
towards the anode and are discharged at the anode as chlorine gas. 

CaCl, «= Са?” + 2CF 
At cathode : Ca% + 2e ¬+ Ca. — Atanode: 2CF - 2e — Ch T 

(iv) By-products and their uses : Chlorine gas is obtained as by-product which is used in the large scale 
preparation of bleaching powder and hydrogen chloride. 

(М Collection of the metal : Metallic calcium is liberated at the iron cathode which is slowly raised. The 
calcium thus liberated at the cathode is quickly solidifies (m.p. of Ca is 810°C) and atta&hes itself at the bottom 
of the raising iron cathode with the formation of a rod. It is collected and purified by melting it in an iron vessel 
when the impurites CaCl, and CaF are removed from it. It is then distilled in vacuum at 800°C when pure Ca is 
obtained as distillated. 

€ Fluorspar is added to the anhydrous CaCl in the extraction of metallic calcium— 
Explain why ? 

This is because of the fact that, the melting point of CaCl, is 780°C. Consequently much electrical energy 
is consumed to fuse CaCl, at this high temperature. As a result the cost of production of calcium is increased. 
But if a little fluorsper is added to CaCl, the melting point of CaCl, is reduced from 780°C to 664°C. As a result, 
the electrolysis of CaCl, can be carried out at relatively low temperature. Consequently the consumption of 
electrical energy becomes much low and at the same time the cost of production becomes low. Besides this, 
the addition of CaF, lowers the viscosity of the electrolyte and increases its electrical conductivity. . 

© itis not possible to extract metallic calcium by the electrolysis of an aqueous solution 
of CaCl, or any other soluble calcium salts— Explain why ? 

Metallic calcium cannot be obtained by the electrolysis of aqueous solution of CaCl;. This is because of 
the fact that, the aqueous solution of CaCl, completely dissociates to form Са?* and 2Cl- ions. The aqueous 
solution also contains some H* and OH: ions which are produced due to the slight dissociation of water which 
is a weak electrolyte. Now on the passage of electric current both the Са?* and Н“ ions migrate towards the 
cathode. Hydrogen being less electro-positive and having lower discharge potential than calcium, are discharged 
at the cathode as hydrogen atoms, in preference to Ca?* ions. Hydrogen atoms thus produced combine to 
form Нг molecules which is liberated at the cathode. Thus, in presence of H* ions, ће Ca?* ions are not 
discharged at the cathode. This explains why it is not possible to obtain metallic calcium by the electrolysis of 
aqueous solution of CaCl, or any other soluble calcium salts. 

CaCl, = Ca? + 2CF; НЊО = Ht + OH 
At cathode : Ht +e +H At anode : 2Cl - 2e = C; T 
Н+Н = Н 


e Metallic calcium can not be obtained by the electrolysis of calcium nitrate or calcium 
sulphate or calcium carbonate— Explain why ?. 

Metallic salts do not conduct electricity in solid state. They can conduct electricity either in the molten state 
or in their aqueous solution. Consequently electrolysis of these salts can be carried out either in their molten state 
or in their aqueous solution. 
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Now Ca(NO3) though soluble in water, metallic calcium is not obtained by the electrolysis of the aqueous 
solution of Ca(NOs)2 as Н" ions are discharged at the cathode in preference to Ca? ions. On the other hand, 
the attempt to fuse them at higher temperature causes their decomposition with the formation of CaO which does 
not melt even at high temperatures. Consequently it is not possible to use these salts as electrolytes for their 


electrolytic reduction. 
2Ca(NO3)2 = 2CaO + ANO, 1 + O, 
2CuSO, = 2CoO + 2501 +O, 
СаСОз = CaO « CO; 

ө During the electrolysis of fused CaClz, metallic Ca is deposited at the bottom of the 
iron cathode which is brought out of the cell in the form of a rod, but it is not attacked by 
the aerial O2 and N2 and also by the chlorine liberated at the anode— Explain why ? 

Metallic calcium liberated at the iron cathode quickly solidifies and attaches itself to the bottom of the raising 
iron cathode and is brought out of the cell in the form of a rod. As the metallic calcium thus obtained is covered 
with o layer of solidified CaCl;, the produced calcium is protected from the attack of aerial О; or Nz and from 
chlorine liberated at the anode. . 
3.3. Properties of calcium. 

[A] Physical : Metallic calcium is a soft, silvery white lustrous metal which turns dull in 
moist air. It is a light metal having the specific gravity 1.55. Its melting point is 851°C. It is 

- malleable and ductile and is a good conductor of heat and electricity. 

[B] Chemical : 1. Action of air : Pure calcium is not affected by dry air, but it becomes 
dull in moist air due to the formation of a layer of CaO on its surface which reacts with the 
moisture and CO; of air with the formation of calcium hydroxide and calcium carbonate 


respectively. 2Ca- 0, = 2Ca0 
CaO + H20 = Ca(OH), ; Са(ОН), + СО; = CaCO; + HO 
On being heated strongly in air, calcium burns in air with a brick red flame with the 
formation of calcium oxide and calcium nitride . 
2Ca + О, = СаО; 3Ca + №, = CaN? 
2. Action of water : Calcium reacts with water at ordinary temperature liberating hydrogen 
and yielding calcium hydroxide. І 
Са + 29,0 = Ca(OH), + HÎ 
Sodium reacts vigorously with water at ordinary temperature, but calcium, though more electro-positive than 
sodium, reacts with water slowly, This is because of the fact that, calcium reacts with water with the formation of 
sparingly soluble calcium hydroxide and hydrogen. The produced Ca(OH), forms a thin layer on the metal and 
thus protects the metal from further attack of water. 
3. Action of acids : (a) Calcium reacts vigorously with dilute hydrochloric acid yielding 
chloride salt and liberating hydrogen. 
Ca + 2HCI = CaCl + HT 
(b) It reacts with dilute H2SO, liberating hydrogen but the reaction becomes slow due to 
the formation of a layer of sparingly soluble calcium sulphate on the surface of the metal. 
Са + HSO, = CaSO; + ЊТ 
4. Alkalis have no action on calcium. 


5. Reaction with non-metals : (a) With hydrogen—It reacts with hydrogen when heated 
at 350°C with the formation of calcium hydride. Calcium hydride is known as hydrolith which 
decomposes water yielding calcium hydroxide and liberating hydrogen. 


Ca + H; = CaH; ; CaH + 2H;0 = Ca(OH), + 2H; T 
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(b) With nitrogen — (i) Heated calcium combines with nitrogen with the formation of 
calcium nitride. Calcium nitride undergoes hydrolysis with boiling water evolving ammonia. 

3Ca + № = Саз№ ; CaN + 6H20 = 3Ca(OH), + 2NH; 

(ii) Heated calcium combines directly with halogens forming halides, with phosphorus 
forming phosphide and with sulphur producing sulphide. Phosphides and sulphides undergo 
hydrolysis with water liberating phosphine and hydrogen sulphide respectively. 

3Ca + 2P = СазР› ; СазР; + 6H20 = 3Ca(OH); + 2PH3 
Са + $ = Са$. CaS + 2H20 = Ca(OH)» + HS 
6. Action with ammonia : Calcium combines with ammonia to forma complex Ca(NH ;);. 
At high temperature it reacts with ammonia to form calcium amide and calcium hydride. 
Ca + 6NH; = Ca(NH3); ; Ca + 2NH; = Ca(NH2); + H2 T 
Ca + H; = Сан 
7. Action on carbon : At 2000°C, calcium reacts with carbon yielding calcium carbide. 
Ca + 2C =CaC, 

8. Reducing property : As calcium is a strong electro-positive metal, the Ca atom has a 
greater tendency to lose electrons and so Ca acts as a strong reducing agent. Many metallic and 
non-metallic oxides are reduced by metallic calcium, e.g., cromic oxide is reduced by Ca ta 
metallic chromium. 


C0, +3Ca= 2Cr + 3CaO 
Heated calcium reduces carbon dioxide to calcium carbide. 
(CO; + 2Ca = 2CaO + C) x 2 
Ca + 2C = CaC; 


5Ca 4 260, = 4CaO + Саб, 


3.4. Uses of calcium. 
` (i) Metallic calcium is used to remove the last traces of water from absolute alcohol and 
last traces of air from high vacuum. 
(ii) It is used in the preparation of hydrolith, and for separating nitrogen from argon. 
(iii) It is used as reducing agent for the extraction of some metals e.g., vanadium, 
germanium etc., from their oxides. 
(iv) It is used to prepare many useful alloys. The composition of two such alloys are 
given below : 1 
Frary metal — It is an alloy of calcium, lead and barium. 
Ullco — an alloy of calcium and lead. 
3.5. Compounds of calcium. 


1. Calcium Oxide (Quick lime) [CaO] : 
[A] Preparation : (a) Calcium oxide or quicklime is prepared by heating limestone at 


high temperature. CaCO; =СаО 4 CO; 1 
(b) Manufacturing process : Calcium oxide or quicklime is prepared on a large scale by 
the thermal decomposition of limestone at high temperature (900°C — 1000°C). 
CaCO; => СаО + СО, 


As the reaction is reversible, the produced carbon di-oxide is removed continuously from 
the system. As a result the forward reaction is favoured and the reaction proceeds towards 
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completion. Although high temperature favours the forward reaction and thus to have a greater 
yield of lime, yet the temperature is kept between 900°C to 1000? C. This is because of the fact 
that, athigh temperature above 1000°C, the silica and Al,Os, preseht in the limestone, react with 
the produced lime to form a layer of slag on the surface of the lime. This layer of slag hinders 
the slaking of lime. 

Description of the process : The thermal decomposition of lime stone is carried out in a 
vertical furnace called lime kiin. The kiln is made of fire bricks. It narrows gradually from the 
bottom to the top. There is a hopper at the top of the 
kiln for introducing lime. The mouth of the kiln at 
the top is closed by cup and cone arrangement. 

There is a separate outlet near the top of the kiln for 
the escape of CO). 

Lumps of limestone of fairly uniform size are 

dropped inside the kiln through the hopper. These 
small pieces of limestone are heated by burning 
producer gas which enters through an iflet tube at 
the bottom of the kiln. When the temperature inside 
the kiln reaches 900°C—1000°C, the limestone 
decomposes completely to produce lime and СО). 
Lime thus produced collects at the base of the kiln 
from where it is taken out from time to time. The 
CO, escapes through the exit tube which is 
absorbed in KOH solution. 

[В] Properties : (i) Calcium oxide is white and Air KES Y 
amorphous. (ii) When it is heated in oxy-hydrogen s N SS 
flame it emits intense white light which is called lime Furnace 
light . (iii) Its melting point is high-nearly 2570°C. Fig. 3:2: 

(iv) Calcium oxide absorbs moisture and CO; from air with evolution of heat and is converted to 
powder. This powder is a mixture of calcium hydroxide and calcium carbonate. 
CaO + Н›О = Ca(OH), ; CaO + CO; = CaCO; 
Ca(OH), + CO; = CaCO; + HO 

(v) It reacts vigorously with cold water with the formation of calcium hydroxide or slaked 
lime. This reaction occurs with a hissing sound and much heat is generated. Lime swells up and 
finally crumbles to white powder of slaked lime. 

(vi) It is a basic oxide. It reacts with acids or acidic oxides to form salts. 

CaO + 2HCI = CaCl, + Н;О; CaO + SO, = CaSO; 

CaO + 2HNO; = Ca(NO;); + Н;О; CaO + CO, = CaCO; 

(vii) It liberates ammonia when heated with ammonium salts. 
CaO + 2NH,Cl = 2NH; î + CaCl, + HO 
(viii) Above 300°C itreacts with chlorine yielding calcium chloride and liberating O». 
2CaO + 2Cl; = 2CaCl; + О; 
(ix) It reacts with coke at very high temperature (2000°C) to give calcium carbide. 
CaO + ЗС =CaC, + COT 

[C] Uses : Calcium oxide is used (i) in the large scale preparati 
soda, sodium carbonate and calcium carbide, (ii) in drying ammonia a 
in the metallurgy, (iv) for the production of lime light. 


Limestone 


ion of slaked lime, caustic 
nd alcohol, (iii) as a flux 
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2. Calcium hydroxide, Slaked lime [Ca(OH);] : 

[A] Preparation : (a) Calcium hydroxide is prepared by spraying requisite quantity of 
water on quick lime. With the addition of water, vigorous reaction takes place with the evolution 
of heat and with a hissing sound. Lime swells up, cracks and is converted to fine powder. This 


powder is slaked lime. 
CaO + HO = Ca(OH), 

(b) Large scale preparation of slaked lime : 

This process is carried out in two steps. 

(i) In the first step quick lime is produced by the thermal decomposition of raw materials 
like lime stone, chalk etc. 7 

(ii) Inthe second step requisite quantity of water is sprayed on the quick lime thus produced, 
when the quick lime is converted to slaked lime. This process of preparation of slaked lime by 
the action of requisite amount of water on quick lime is known as slaking of lime. 

(iii) Preparation of quick lime : Quick lime is prepared by heating limestone in a kiln at 


900°C-1000°C. 
CaCO; = CaO + CO; 

(iv) Preparation of slaked lime from quick lime : Lumps of quicklime are kept on a tank 
made of bricks. Now requisite quantity of water is sprayed on the quick lime when vigorous 
reaction takes place between water and quick lime with a hissing sound. The reaction is 
exothermic and consequently much heat is evolved. Some portion of water is escaped as steam, 
The quicklime swells up, cracks and finally crumbles to white powder to form slaked lime. 

CaO + H,0 = Ca(OH)» 

[B] Properties : (i) Slaked lime is white amorphous powder (ii) It is sparingly soluble 
in water and its solubility decreases with the rise of temperature. (iii) When small amount of 
slaked lime is added to excess of water, a part of it is dissolved in water and a small portion 
remains undissolved which settles down giving a clear solution, which is a saturated solution 
of slaked lime and is known as lime water, When an excess amount of slaked lime is added to 
small quantity of water and the mixture is stirred, a small portion of slaked lime goes into the 
solution and the rest remains as suspension. This suspension of slaked lime looks like milk and 
is called milk of lime. 

(iv) (a) Slaked lime absorbs carbon dioxide with the formation of calcium carbonate. 

Ca(OH), + CO; 1 = CaCO; + HO 

(b) When carbon dioxide is passed through clear lime water, at first the clear lime water 

turns milky due to the formation of insoluble calcium carbonate. 
Ca(OH), + СО; = CaCO; + HO 

When excess of carbon dioxide is passed, the milkiness disappears due to the formation of 

soluble calcium bicarbonate. 
CaCO; + HO + СО, = Са(НСО}), 
On boiling this clear solution, the milkiness reappears due to the formation of insoluble 


calcium carbonate. 
Ca(HCO3); —?- CaCO;1 + CO; + HO 


(v) When sulphur dioxide is passed through a clear solution of lime water, at first it turns 
milky due to the formation of insoluble calcium sulphite. On passing excess of SO;, the 
milkiness disappears due to the formation of soluble calcium bi-sulphite. 

Са(ОН), + SO; = CaSO; | + HO 
CaSO, + H;O + SO, = Ca(HSO;), 
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(vi) Calcium hydroxide is basic. It reacts with dilute nitric acid to form calcium nitrate and 
with dilute hydrochloric acid to form calcium chloride. With dilute sulphuric acid at first 
calcium sulphate is produced, but as calcium sulphate is sparingly soluble in H,SO,, it forms 
a layer of calcium sulphate on the slaked lime. As a result, H,SO, can not соте in contact with 
the slaked lime any further and so the reaction stops. 


Са(ОН), + 2HNO; = Ca (NOs) + 2H;O 
Са(ОН), + 2HCI = CaCl, + 2Н;О 

(vii) On being heated with ammonium salts, it liberates ammonia. 

2NH,CI + Ca(OH), = 2NH; f + CaCl, + 2H,0 

(viii) (а) Dry chlorine, when passed over dry slaked lime at 40°C yields bleaching powder 
or calcium chloro hypo chlorite. 

Са(ОН), + Cl; = Ca(OCI) СІ + H;O 

(b) When chlorine gas is passed through excess of lime water in cold, calcium chloride and 
calcium hypochlorite are formed. ^ 

2Са(ОН), + 2Cl = CaCl, + Ca(OCI); + 2H;O 
lime water (Cal. hypochlorite) 

(c) When excess of chlorine is passed through hot milk of lime yields a mixture of calcium 
chloride and calcium chlorate. : 

6Ca(OH), + 6Cl; = 5 CaCl + Ca(CIO;); + 69,0 
(Milk of lime) (Col. chlorate) 

[C] Uses : Calcium hydroxide is used (i) in the manufacture of bleaching powder and 
caustic soda, (ii) for softening hard water, (iii) in the preparation of soda lime which is used 
as a good absorbent for a number of gases, (iv) in the decarboxylation of sodium salts of fatty 
acids. 

3. Calcium nitrate [Ca(NO;)2, 49,0] : 

[A] Preparation : Calcium nitrate is prepared by the action of dilute nitric acid on quick 


lime or lime stone. 
СаО + 2HNO, = Ca(NO;); + HO 

In the laboratory calcium nitrate is prepared by adding marble or lime stone on dilute nitric 
acid slowly, till the effervescence of CO; is stopped. 

CaCO, + 2НМО; = Ca(NO;); + CO; + HO 

The resultant solution is filtered and the filtrate is evaporated and then cooled slowly, when 
crystals of calcium nitrate are separated from the solution. 

[B] Properties : (i) Calcium nitrate is a colourless crystalline solid. (ii) It is highly soluble 
in water and a deliquescent substance, (iii) On being gradually heated it first loses the water 
of crystallisation and becomes anhydrous. On further heating it is decomposed to give calcium 
oxide, nitrogen dioxide and oxygen. 

2Ca(NO); = 2CaO + 4NO; + О; 

[C] Uses : Calcium nitrate in combination with lime is used as fertilizer. 

€ Cement: Various types of limes and mortars have been used for the construction purpose 
since early days. In 1824 Joseph Aspdin of England first prepared cement by heating limestone 
with clay in a kiln. The product was found to set under water. The name portland was given to 
this product as its colour was like the stones of Portland. 

Portland cement is now prepared by heating strongly a mixture of limestone (СаСОз) and 
clay (containing aluminium silicate) in a rotary furnace at 1400°С ~ 1600°С. The product is 
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ground to fine powder which is actually a mixture of tri-calcium silicate (3CaO, SiO,), 
di-calcium silicate (2CaO, SiO;), tri-calcium aluminate (3CaO, Al,O;) and tetra calcium 
alumino ferrite (4CaO, Al,O; Fe;O;). When cement is mixed with water, it sets to a hard mass 
within few hours. This is due to the formation of Aydrated aluminates and silicates. This is 
called setting of cement. 

Concrete : When inert materials like sand and gravel are mixed with cement and water, and 
the resultant mass is allowed to set, it solidifies into a rocklike hard mass which is called 
concrete. 

Mortar : It is a mixture of 4-5 parts by volume of sand for every part of hydrated lime. It 
is used for plastering. 

4. Calcium chloride (CaCl, 6H20) : 

[A] Preparation : Calcium chloride is prepared by the reaction of dilute hydrochloric acid 
on marble, or limestone, quick lime or slaked lime. In the laboratory it is prepared by adding 
marble or limestone on dilute hydrochloric acid slowly till the effervescence of CO, is stopped. 

CaCO, + 2HCI = CaCl, + CO; + HO 

After the reaction the residualsolution is filtered and the filtrate is evaporated and 
subsequently cooled when crystals of hydrated calcium chloride are separated from the 
solution. Я 

[B] Properties : (i) Calcium chloride is a colourless crystalline solid. (ii) It is highly 
soluble in water. It is soluble in alcohol, (iii) when the hexa hydrate crystal of calcium 
chloride is gradually heated, it loses water of crystallisation with the formation of dihydrate 
at 200°C. When heated further, at above 260°C it becomes anhydrous. 


Сас, 6H,0 ee» CaCl, 2H;0 5c > CaCl + 2H20 

(iv) Crystalline CaCl, is highly deliquescent substance. When it is left exposed in air it 
absorbs moisture from air and finally gets dissolved in it. 

(v) It forms addition compounds with ammonig and dry ethanol. 

CaCl, + 8NH; = CaCl, 8NH;;  4C;H;,OH + CaCl, = CaCl; 4C;H;OH 

[C] Uses : Anhydrous calcium chloride is used (i) in the extraction of metallic 
calcium, in drying gases and for dehydrating alcohols. (ii) The hydrated CaCl, is used in the 
refrigeration. 

5. Calcium carbonate 1ÍCaCO;] $ 

Calcium carbonate is found in nature as limestone, marble, calcite, chalk etc. 

[A] Preparation : (a) Calcium carbonate is prepared in the laboratory by dissolving lime 
stone or marble in dilute hydrochloric acid. The solution of calcium chloride thus obtained is 
treated with sodium carbonate or ammonium carbonate, when white precipitate of calcium 
carbonate is obtained. 

CaCO, + 2НС1 = CaCl, + CO; + НО: 
CaCl, + (МН,)СО; = CaCO; 1 + 2NH,Cl. 
The precipitate of calcium carbonate is separated by filtration. 
(b) It is also prepared by passing CO; through lime water. 
Ca(OH), + CO, = CaCO; J+ HO. 

[B] Properties : (i) It is white powder and exists in two crystaline forms—calcite and 
aragonite. 

(ii) It is insoluble in water. 
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(iii) When carbon-dioxide is passed through CaCO; suspended in water, the CaCO, is 

converted to soluble calcium bicarbonate and as a result a clear solution is obtained. 
CaCO; + HO + СО, = Ca(HCO;); 
(iv) It is thermally decomposed at 900°C to give calcium oxide and СО», 
CaCO; = СаО + СО, Т 

[C] Uses : Calcium carbonate is used (i) in the manufacture of lime, cement and washing 
soda. (ii) As a flux in the metallurgy. (iii) Marble is used in the laboratory for preparation of 
СО). (iv) Precipitated chalk is used in tooth pastes, in medicines for indigestion, in the 
preparation of white paints. 

6. Calcium sulphate [CaSO,] : 

Calcium sulphate occurs in nature as gypsum (CaSO,, 2H;O) and anhydrite (CaSO,). 


[A] Preparation : (a) Calcíum sulphate is prepared in the laboratory by the reaction of 
dilute Н,50, on lime or limestone. 


CaCO; + H;SO, = CaSO, 1 + СО, + HO 
CaO + Н,50, = CaSO, + HO. 

(b) It may also be prepared by adding soluble sulphate e.g., №503, to the solutions of 
calcium E CaCl, + NajSO, = CaSO, + 2NaCI. 

[B] Properties : (i) It is white crystalline solid. 

(ii) It is sparingly soluble in cold water but its solubility decreases with the rise of 
temperature. 

(iii) It is soluble in a concentrated solution of ammonium sulphate due to the formation of 
soluble CaSO,, (NH4);SO,.H;O. 

(iv) When ammonia and carbon dioxide are passed through a suspension of calcium 
sulphate, ammonium sulphateis produced which is an important nitrogeneous fertiliser. By this 
process ammonium sulphate is produced without using sulphuric acid. 

CaSO, + 2NH; + CO; + H;O = CaCO; 1 + (NH,);SO, 
(v) On being heated strongly with carbon, it is reduced to calcium sulphide. 
CaSO, + 4C = CaS  4CO î 

(vi) If dehydrated gypsum (CaSO,) is heated to 1200°C the following decomposition takes 
dues 2CaSO, = 2CaO + 280; + O». 

[C] Uses : Gypsum is used for the manufacture of plaster of paris and cement. It is also 
used in the manufacture of ammonium sulphate. It is used for glazing paper. Anhydrous CaSO, 
is also used as a dehydrating agent. 

€ Plaster of paris [2CaSO,4, H20] : 

[A] Preparation : Plaster of paris is manufactured by heating gypsum at about 120°C. At 
this temperature gypsum partially loses water of crystallisation producing plaster of paris. By 
heating at 120°C two molecules of gypsum lose 3 molecules of water of crystallisation to 
produce plaster of paris. . 
2(CaSO,, 29,0) = 2CaSO,, HO + 3H;O T 

. The heating of gypsum is carried out in large steel vessels provided with mechanical stirrers 
or in a rotary kiln. Satisfactory yield of plaster of paris depends on the following factors— 

(i) During the heating of gypsum, the temperature must be carefully controlled at 120°C. 
This is because of the fact that at temperatures higher than 120°C, gypsum loses all the water 
of crystallisation with the formation of anhydrous calcium sulphate which is called dead burnt. 
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Anhydrous calcium sulphate does not set to a hard mass like plaster of paris on being treated 
with water. 
above 120°C 
CaSO,, 2H,0 SA a CaSO, + 2Н›О Т 
deod bumt : 

(ii) The gypsum used for the preparation of plaster of paris must be freed from any 
carbonaceous orotherreducing substances. The heating must be carried out without any contact 
of carbonaceous fuel. This is done to prevent the reduction of calcium sulphate to calcium 


pousser s. CaSO, + 4C = CaS + 4CO 1 
[B] Properties : Plaster of paris is a white powder. When plaster of paris is made into a 
paste with water, itis converted to gypsum again and sets to a hard mass with slight expansion. 
It takes 10—15 minutes for setting. This may be catalysed by the addition of common salt. 
2CaSO,, H20 + 3H;0 = 2[CaSO,, 2H0] 
plaster of paris gypsum (hard mass) 
[C] Uses : Plaster of paris is used in surgical bandages; as a cement and plaster for walls; 


in making moulds for casting; for preparing black board, chalk pencils or crayons. It is also used 
for taking foot prints of criminals. 


€ Bleaching powder or calcium chloro-hypochlorite [Ca(OCI)CI) : 

See Volume I Halogen chapter. 

€ Detection of Calcium and Ca* ion : 

[A] (1) Dry test : Flame test : A platinum wire moistened with conc. НСІ is touched 
with a little of the calcium salt and then held in a non luminous bunsen flame. A transient brick 
red colour of the flame confirms the presence of Са?* ions. 

(2) Wet tests : (a) A concentrated solution of ammonium carbonate when added to an 
aqueous solution of a calcium salt, a white precipitate of calcium carbonate is obtained. 

CaCl; + (МН) СО; = CaCO; 1 + 2NH4CI 

(b) When ammonium oxalate solution is added to an aqueous solution of a calcium salt, 

white crystalline precipitate of calcium oxalate is obtained which is insoluble in acetic acid. 


Cat + ee —-> Peres 1 + 2NH} 


@ Chart showing the preparation and interconversion of calcium compounds 
starting from metallic calcium. 


Metallic yy Calcium нед Calcium Dil HNO, Calcium 
calcium ———— > WESS o oxide 2 — — 2? — nitrate 
[Ca] {Ca(OH),] +: [CaO] ~ Heat [Ca(NO));] 
At 
Electro- CL CO; 
cathode lysis fede 
Bleaching Calcium _1000°C Dil H,SO; 
Molten powder carbonate 
mutate. Ca(OCI) CI CaCO, Calcium sulphate 
Dil H,SO, (gypsum) 
Dil CaSO,, 29,0 
HCI resulting soln. Heated Heated 
concentrated © 
above 120°C 
Y & cooled 120°C 
Heated in 


Anhydrous „НС Hydrated „dil Calcium Соке Anhydrite Plasterof | 
calcium chloride ` 260°C calcium chloride ` НСІ sulphide 1000°С (CaSO) Paris | 
(CaCl) (CaCl, 6H0) (CaS) 2CaSO, H0 
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ө Diagonal relationship between Be and Al: 
И inst = char; 

Since the ionic potentials [ф = UR ] of both Ве?* and AI* are close, they exhibit close 
resemblances in some physical and chemical properties. 
[оз | Ве?* (i) Both Be and А! have high charge density, same electro- 
| Charge +2 +3 | negativity. Both of them can form covalent bonds. 
| Radius 0.31A 0.514 (ii) Theircompounds are predominantly covalent, soluble in 
| ТР. 6.4 6.0 | organic solvents and have lower melting points. 

(iii) Since E 7, of both Be and Al are very close and negative, both of them evolves Н, on 
being treated with dil H,SO,, НСІ. 

(iv) Both the metals become passive when come in contact with conc. HNO. 

(v) Both of them can form numerous complexes e.g., [BeF;]; and [AIF,]*. 

(vi) Both ВеО and AlO; are amphoteric. 

(vii) The carbides of both the metals liberate methane on being treated with water. 

Ве›С + 4Н›О = CH, + 2Be(OH),; Al,C; + 12H,O = 3CH, + 4AI(OH) 
(viii) The chlorides of both the metals are polymeric e.g., (ВеСі,), and Al,Cl,, 


€ Beryllium : 

Occurrence : Beryllium occurs in nature in a number of minerals, The important ore are— 
- (1) Beryl—3BeO, Al;O;, 6SiO». It is colourless in pure state, The other varities are aqua 
marine (yellowish green) and emerald (grass green) 

(2) Beryllonite—NaBePO, : (3) Chryso beryl—BeO, AL;O; . 

The element was isolated by F. Wohler and A. A. Bussy in 1828 by the action of potassium 
in beryllium chloride 

Extraction of beryllium : The elementis prepared by the reductions of its oxide, hydroxide 
or halides by suitable metals. It can also be obtained by the electrolysis of fused BeF;. 


Procedure : Beryl are crushed to powder and mixed with powdered КСО; and the mixture 
is fused in a stainless steel reactor. The melt is cooled, finely ground and warmed with excess 
of water. It is then heated strongly with conc. H,SO, with constant stirring till the white fumes 
of H,SO,are evolved. The mixture is extracted with hot water when insoluble silica is removed 
by filtration. The filtrate contains the sulphate of Be, Al and К. The solution is allowed to 
crystallise when alums are seperated leaving behind BeSO,. By repeated crystallisation pure 
BeSO, is obtained. On boiling it with strong NaOH sodium beryllate is formed, It being 
hydrolysed beryllium hydroxide is obtained. The metal is obtained by converting Be (OH), into 
BeF; by reacting with NH,HF followed by thermal decomposition with magnesium. 

3BeO, А103, 6510, + 6950, = 3BeSO, + Al; (SO,); + 6510, + 6H;O 
K,CO, + H,SO, = K,SO, + CO; + Н.О 
BeSO, + ANaOH = Na;BeO; + Na,SO, + 2H;O 
М№а,ВеО, + 29,0 = Be(OH), J  2NaOH 
Be(OH), + 2NH;HF, = (NH;); BeF; + 2H;O 
(NH;);BeF, = BeF, +2NH,F 
BeF, +Mg = Ве + MgF, 
(ii) Beryllium can also be obtained by the electrolytic reduction of fused BeF, and NaF at 


(iii) It can also be obtained by the thermal decomposition of Bel. 
Uses : Used in ceramics, in nuclear reactor, in the manufacture of Be-Cu alloys. It is also 
used as an anti oxidant. 


80 ELEMENTS OF CHEMISTRY 


3.6. Extraction of magnesium. 

Occurrence : Magnesium does not occur free in nature. Its important minerals are— 

(1) Magnesite (MgCO;); (2) Dolomite (MgCO;,CaCO;); (3) Kieserite (MgSO,, HO); 
(4) Kainite (K,SO,, MgSO,, MgCl, 6H0); (5) Carnallite (KCl, MgCl, 6H20); (6) Asbestos 
[CaMg; (SiO), ]; (7) Tale (3MgO,4SiO,, H;O); (8) Spinel (MgO, AL;O.). 

Metallurgy of Magnesium : т 

Magnesium is extracted by two processes—(i) Electrolytic reduction process and (ii) 
Carbon reduction process. 

1. Electrolytic reduction process : 

[A] Principle : Metallic magnesium is extracted by the electrolysis of a fused mixture of 
anhydrous magnesium chloride and about 25 percent sodium chloride. Sodium chloride is 
added to lower down the melting point of magnesium chloride and to increase the electrica] 
conductivity of the electrolyte. Fused carnallite may also be used as an electrolyte. 

The fused mixture of MgCl, and NaCl dissociates as Mg**, Na* and CI" ions. By the passage 
of electric current Mg™ and Na* ions migrate towards the cathode, but Мр?" ions are discharged 
at the cathode in preference to Na* as the latter is more electro-positive than the former. 

MgCl; Mg + 2CI; NaCl = Nat + СГ 
At cathode : Mg?*+ 2e — Mg (reduction) At anode : 2CI- — 2e — СІ, T (oxidation) 

[B] Description of the process : The electrolysis of fused MgCl, is carried out in a covered 
rectangular iron pot which acts as cathode. A mixture of anhydrous MgCl, (4 parts) and NaCl 
(1 part) is taken in the iron pot. It is fused by electro-heating at 700°C. The anode is a graphite 
rod which is enclosed in a porcelain tube suspended vertically in the molten electrolyte. At the 
upper part of the porcelain tube there is an exit tube for the escape of chlorine gas. Air from the 
inside of the electrolytic cell is replaced by passing coal gas inside the cell through an opening 
on the electrolytic cell. By the passage of electricity through the molten electrolyte magnesium 
is liberated at the cathode in molten state. 

Being lighter than the molten electrolyte, the molten magnesium floats on the surface of the 
molten electrolyte. The metal is taken out from time to time by means of suitable ladles. 

e Preparation of anhydrous magnesium chloride to be used in the extraction of magnesium. 

(i) Preparation of hydrated magnesium chloride : 

(a) From carnallite (KCl, MgCl, 6H;O) : Carnallite is dissolved in water and the solution thus obtained is made 
concentrated by evaporation. The concentrated solution on being cooled, the less soluble KCl separates out as 
crystals while the more soluble MgCl,, remains in the solution. The mother liquor is then concentrated and cooled 
when crystals of magnesium chloride separate out. 

(b) From sea water : Sea water contains MgCl;. Milk of lime is added to sea water when Mg(OH): is 
precipitated. It is allowed to settle down and then filtered. The Mg(OH} thus obtained is dissolved in 10% HCl. 
The solution on being concentrated and cooled, crystals of MgCl, 6H;O are separated. 

MgCl, + Са(ОН), = Mg(OH], J + CaCl, 
М(ОН), + 2HCI = MgCl, + 2H;O. 

(ii) Preparation of anhydrous MgCl, from hydrated MgCl, : 

Anhydrous magnesium chloride can not be prepared from hydrated magnesium chloride by direct heating. 
This is because of the fact that, hydrated magnesium chloride on being heated undergoes hydrolysis producing 
magnesium oxychloride which on further heating yields magnesium oxide. 

2[MgCl, SHO] =» Mg,OCh + 2HCl + 11H,O 
2Mg;OCl + О, P 4MgO «2C T 

(a) The hydrated magnesium chloride thus produced is heated to 175°C in vacuum in a current of dry 
hydrogen chloride gas when anhydrous magnesium chloride is produced. 

(b) Anhydrous magnesium chloride can also be prepared by heating a mixture of magnesium oxide (calcined 
magnesite) and coke in a current of dry chlorine at about 1000°C. 

MgO + C + Cl, = MgCl, + CO 
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2. Carbon reduction process : 

Inthis process, magnesium oxide is directly reduced by coke to produce metallic magnesium. 
MgO + C = Mg + CO. 

Magnesium oxide is produced by the calcination of magnesite ore. 
МЕСО, = MgO + CO; 

The magnesium oxide thus produced is mixed with coke and small bricks are made with this 
mixture with pitch binder. These small bricks are heated to a temperature of 2000°C in a closed 
electric furnace. At this high temperature MgO is reduced by coke to produce magnesium. The 
magnesium vapour (m. p. of Mg is 1 100°C) and CO, as they leave the furnace are rapidly cooled 
to about 200?C by dilution with a large volume of hydrogen gas in order to prevent the 
reoxidation of magnesium into its oxide. Magnesium vapour condenses in the form of powder. 
The magnesium thus obtained contains some impurities like MgO and carbon dust. This 
powdered Mg is collected and heated to 800°C in a second electric furnace operated under high 
vacuum. Mg vapours are collected in a suitable condenser. It is remelted and casts into ingots. 

Magnesium oxide can also be reduced by other reducing agents like calcium carbide, 
silicon etc. 

3MgO + CaC, = 3Mg + СаО + СО,; 2MgO + Si = 2Mg + SiO; 
€ Thermal reduction of MgCl, : 

Finely powdered MgCl, is reduced by calcium carbide at 1500°C. 

MgCl, + CaC; = CaCl, + Mg + 2C 

ө Pidgeon process : Calcined dolomite is mixed with finely powdered ferro silicon 
(80% Si) and the mixture is heated to 1200°C in a closed high vacuum chrome-steel retorts 
having a condenser attached to it. The produced magnesium is vaporised and is collected in the 
condsnáss, CaCO;, MgCO; = CaO + MgO 4 2CO; 

2MgO + 2CaO + Si = 2Mg + 2CaO, SiO; 
Dicalcium silicate 
3.7. Properties of Magnesium. 

[A] Physical : It is light, silvery white, malleable and ductile metal having specific 
gravity 1.74. It melts at 651°C and boils at 1100°C. 

[B] Chemical : : 

1. Action on air : Mg is unaffected in dry air. In moist air a layer of MgO is formed on its 
surface. This layer of MgO protects it from further attack of O2. On being heated in air it burns 
with a dazzling white light (rich in actinic rays) producing MgO and Mg;N>. 

у 2Mg + О, = 2MgO; 3Mg + № = Mg;N2 

It burns in oxygen to give magnesium oxide only. 


2Mg + О, = 2MgO 
2. Action on water : Heated magnesium burns in steam and decomposes steam with the 
evolution of hydrogen. Mg +H,0 = MgO  H; 1 


3. Action on acids : (a) Magnesium reacts with dilute НСІ and H;SO, with the evolution 
of hydrogen and forming the corresponding salts. Magnesium can displace hydrogen from very 
dilute and cold nitric acid. 

Mg + 2HCI = MgCl, + H: 7; Mg + Н,50, = MgSO, + Н Т 
Mg + 2HNO; = Mg(NO:) + Н; 7 
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(b) Hot and сопс. H;SO, is reduced by magnesium to sulphur dioxide. 
+6 4 
Mg + 2H2SO, = MgSO, + SO; + 2Н›О. 

(c) Magnesium reacts with cold and moderately strong (1 ғ 1) HNO; yielding magnesium 

nitrate and nitric oxide. 
3Mg + 8HNO; = 3Mg(NO.); + 2NO + 4H;O 

4, Alkalis have no action on magnesium. 

5. Action on non metals : Heated magnesium combines directly with nitrogen, chlorine, 
sulphur and phosphorus with the formation of nitride, chloride, sulphide and phosphide 
respectively 3Mg*N;-MgN;; ^ Mg4Ch2MgCh 

3Mg + 2P = Mg;P; ; Mg+S=Mgs 

Nitride, phosphide and sulphides react with boiling water to produce ammonia, phosphine 
and hydrogen sulphide respectively. . 

Mg3N: + 6H;0 = 3Mg(OH); + 2NH; 1; | Mg;P; +6Н;О = 3Mg(OH), + 2PH; 7 
MgS + 2H;0 = Mg(OH) + HS Т 

6. Reducing action of magnesium : As magnesium is a strong electro-positive metal, it 
has got a strong affinity for oxygen and consequently it acts as a powerful reducing agent. 

(a) Strongly heated magnesium reduces oxides like silica, nitric oxide, sulphur di-oxide, 
sodium monoxide, boron trioxide etc. 

SiO; + 2Mg = 2MgO + Si; 2NO + 2Mg = 2MgO + N; 
B;O; + 3Mg = 2B + 3MgO 
SO; + 2Mg = 2MgO +S; Nà;O + Mg = MgO + 2Na 
(b) Burning magnesium continues to burn in an atmosphere of carbon di-oxide and reduces 


it t bon. 
ia dci 2Mg + CO; = 2MgO C 
7. Action on metallic salts : (a) Since E Memme = —2.34 volt, it is strong electro-positive 
metal and so it can displace all the metals from their respective salt solutions, which are less 
electro-positive than magnesium. 
Mg + 2AgNO; = Mg(NO;), + 2Ag 1; Mg + CuSO, = MgSO, + Cu 1 
Mg + SnCl; = MgCl, + Sn 4 
(b) It liberates Hz from an aqueous solution of NH4CI as well as from liquid ammonia 
solution of any ammonium salt. 
Mg + 2NH,CI = MgCl, + 2NH; + Н, 
(c) It liberates H from aqueous solution of AICI, FeCl;, CrCl; etc. 
2AICI; + 3Mg + 6H;O = 2AI(OH); + 3MgCl, + 3H; 
2FeCl; + 3Mg + 6H0 = 2Fe(OH); + 3MgCl, + 3H; 
8. Formation of Grignard reagent : Mg powder reacts with alkyl halides in presence of 
dry ether or tetra hydro furan to form alkyl magnesium halides commonly known as Grignard 


reagents. CH, 14 Mg «бе CH, Mgt 
methyl Mg iodide 

Uses : Magnesium is used (i) in the preparation of boron, silicon etc. from their oxides, 

(ii) in the preparation of Grignard reagent which is widely used in the synthesis of many 

organic compounds, (iii) in photographic flash bulb, in fire works, in light signal and star shell 
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in defence training. (iv) As a deoxidiser in metallurgical process to remove the last traces of 
oxygen. (v) As a fuse in the alumino thermic process. (vi) It is used in the preparation of some 
important alloys, the compositions and uses of some of them are given below— 
Alloy Composition in percent Uses 

(1) Electron Mg (95) + Zn (4.5) + Со (0.5) To prepare parts of aeroplane and motor cars. 

(2) Magnelium | Al (98) + Mg (2) For making light instruments, beam of balance 
and machine parts. 
For making different parts of aeroplane. 


(3) Duralumin | Al (95) + Cu (4) + Mg (0.5) + Mn (0.5) 


3.8. Compounds of Magnesium. 

1. Magnesium oxide (MgO) : 

[A] Preparation : (i) When magnesium is burnt in oxygen, it burns with a dazzling 
white light and combines with oxygen to form magnesium oxide. 

2Mg + О = 2MgO 

(ii) Itis also prepared by the thermal decomposition of magnesite, or magnesium hydroxide 

or magnesium nitrate. 
MgCO; = MgO + CO; 1 ; Mg(OH) = MgO + НО t 
2Mg(NO;)2 = 2MgO + 4NO; + О, 

[B] Properties : (i) Magnesium oxide is white amorphous refractory solid. Its melting point 
is 2850°C, 

(ii) It is sparingly soluble in water and its aqueous solution is weakly alkaline. 

MgO + H;O = Mg(OH): 
(iii) It is a basic oxide and so it reacts with acids to form salts and water, 
MgO + 2НСІ = MgCl; + H?O ; MgO + H,SO, = MgSO, + H;O 

Uses : Magnesium oxide is used — (i) in the manufacture of refractory bricks and in making 
fire proof crucibles, (ii) in the preparation of Sorel’s cement (MgO + MgCl), (iii) in medicine 
for neutralising the acidity of stomach, (iv) as a basic lining in smelting process of metallurgy, 
(у) for coating steam pipes to prevent radiation of heat. 

2. Magnesium hydroxide [Mg (OH);] : 

[A] Preparation : It is prepared by the action of sodium hydroxide on any soluble salt of 
magnesium. Magnesium hydroxide is obtained as precipitate which is separated by filtration. 
MgSO, + 2NaOH = Mg(OH); 1 + NaSO, 

MgCl, + 2NaOH = Mg(OH); 1 + 2NaCl 
[B] Properties : (i) It is a white powder. It is slightly soluble in water and the aqueous 
solution is alkaline. (ii) It dissolves in NH4CI solution and so it is not precipitated in Group III 
B with Fe, Al etc. of qualilative analysis. 
[C] Uses : It is used in sugar industry. Suspension of magnesium hydroxide in water is used 
in medicine as antacid in the name of milk of magnesia. 
3. Magnesium chloride (MgCl, 6H20) : 
[A] Preparation : (a) Magnesium chloride is prepared by the action of dilute HCI with 
magnesium carbonate or magnesium hydroxide or magnesium oxide. 
MgCO; + 2НС1= MgCl + CO; + H;O 
Mg(OH); + 2HCI = MgCl; + 290 
MgO + 2HCI = МЕСІ + HO, 
The resulting solution is filtered and the filtrate is concentrated and cooled, when crystals 
of hydrated magnesium chloride аге separated. 
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(b) Preparation of anhydrous magnesium chloride : Anhydrous magnesium chloride is : 
prepared by heating hydrated magnesium chloride in vacuum in a current of dry hydrogen 
chloride gas. 

It is also prepared by heating a mixture ofa magnesium oxide and coke in a current of dry 

jo, 
chlorine gas at 1000°С. MgO +С + Cl; = MgCl; + CO 

[B] Properties : Hydrated magnesium chloride is a white crystalline and deliquescent 
substance. It is extremely soluble in water. 

On being heated gradually, it first melts and at above 180°С it undergoes hydrolysis with 
the formation of magnesium oxychloride, hydrogen chloride and steam. On further heating at 
above 600°С the produced oxychloride decomposes to give magnesium oxide and chlorine. 

2[MgCLb, 6H;O] = Mg,OCl, + 2HCI + 11H;O 
2Mg;OCLl, + О, = 4MgO + 2Cl; 

TC] Uses : Anhydrous magnesium chloride is used for the extraction of magnesium. It is 
used in the preparation of Sorel's cement (MgCl; * MgO) which is used in dental-filling and 
cementing porcelain. 

4. Magnesium sulphate, Epsom salt [MgSO,, 7H;0] : 

[A] Preparation : It is prepared by dissolving metallic magnesium or magnesium oxide 
or magnesium carbonate in dilute sulphuric acid. 

Mg + H2SO, = MgSO, + Н, ; MgO + но, = MgSO, + H:O 
MgCO; + Н›$О, = MgSO, + CO; + HO 

The resulting solution is concentrated and cooled when crystals of magnesium sulphate 
separate out. The crystals are collected by filtration and dried. 

[B] Properties : It is colourless crystalline solid and isomorphous with zinc sulphate 
(ZnSO,, 7H20) and green vitriol (FeSO;, 790). It is highly soluble in water. On being heated, 
it loses 6 molecules of water of crystallisation and becomes anhydrous at 200?C. 


150°C 200°C 
MgSO,, 790 — а>. MgSO,, HO yg > MgSO, 


Uses: It is used (1) in medicine as purgative, (ii) in dying and fire proofing, (iii) as a catalyst. 
(iv) in paper, cotton, silk and leather industries. 

5. Magnesium nitrate [Mg (NO3)2, 69,0] : 

[A] Preparation : It is prepared by dissolving magnesium oxide or magnesi! hydroxide 
or magnesium carbonate in dilute nitric acid. 

MgO = +2HNO;=Mg(NO;), + 2H;O 
Mg(OH): + 2HNO; = Mg(NO;) + 29,0 
Т MgCO, + 2НМ№О, = Mg(NO3) + СО, + Н›О. 

The solution obtained after the reaction is filtered and the filtrate is concentrated and cooled 
when crystals of magnesium nitrate separate out. 

[B] Properties : It is colourless crystalline solid. It is soluble in water and alcohol. Itisa 
deliquescent substance. On heating it is decomposed to give oxide, nitrogen di-oxide and 
OX 2Mg(NO;); = 2MgO + 4NO; + O; 

6. Magnesium carbonate (MgCO)) : 

It occurs in nature as magnesite. 

[A] Preparation : It is prepared by adding sodium bicarbonate to a hot solution of 


agnesium salt. 
es MgSO, + 2NaHCO; = MgCO; J + Na;SO, + CO; + HO 
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When sodium carbonate is added to a hot solution ofa magnesium saltin place of NaHCO,, 

a basic magnesium carbonate is produced. 
2MgSO, + 2Na;CO; + H;O = MgCO;, Mg(OH): + 2Na,SO, + CO; 

Now СО; is passed through the suspension of the basic magnesium carbonate when 

magnesium bicarbonate is formed, which on heating yields magnesium carbonate, 
MgCO;, Mg(OH); + ЗСО; + HO = 2Mg(HCO;), 
Mg(HCO;), -> MgCO; + CO; + H,O 

[B] Properties : It is white powder and insoluble in water. It dissolves in acids giving the 
corresponding salts with the evolution of CO», 

MgCO; + 2HCI = MgCl, + СО, + HO; MgCO; + H;SO, = MgSO, + CO, + H,O 

; On passing CO; through a suspension of MgCO; in water yields soluble magnesium 
bicarbonate МЕСО; + CO; + H;O = Mg(HCOs), 

It is thermally decomposed to form magnesium oxide and CO, 

MgCO; = MgO + CO, 

[C] Uses : It is used (i) in medicine as magnesia alba as antacid, laxative, (ii) in the 
preparation of tooth paste, (iii) in silver polish, (iv) in the manufacture of glass, ceramics, (v) 
as a filler for paper, rubber and pigments. 

© Magnesium perchlorate (Anhydrane) [Mg(CIO,);] : 

It is prepared by dissolving Mg(OH); in dilute perchloric acid. 

Mg(OH), + 2HCIO, = Mg(CIO,);  2H;O 

Anhydrous Mg(CIO,) is known as Anhydrane. It is used as a dehydrating agent for gases. 

9 Fluid magnesia : When CO, is bubbled into an aqueous suspension of MgCO,, the later 
dissolves to form a clear solution of magnesium bicarbonate. 

MgCO; + СО, + H;O = Mg(HCO;); 

A 12% aqueous solution of Mg(HCOs), is known as fluid magnesia. 

* Magnesia alba : Basic magnesium carbonate obtained as a white precipitate, when 
NaCO; solution is added to an aqueous solution of MgSO,, is known as magnesium alba.Its 
approximate composition is MgCO;, Mg(OH), 3H;O. It is used in medicine as antacid, laxative 
and in making tooth powder. 

€ Magnesia mixture : It is a solution containing MgCl, NH,CI and a little aqueous NH3. 
The reagent is used for the detection of phosphates (РОЈ), arsenates (ASOj ") in qualitative 
inorganic analysis. A white precipitate of magnesium ammonium phosphate Mg(NH,) PO,. 
6H;O and magnesium ammonium arsenate Mg(NH,) AsO,, 6H;O are produced. 

Na;HPO, + MgCl, + NH; = Mg(NH,) PO, + 2NaCl 

ө Sorel cement : Sorel cement is a paste of finely divided magnesium oxide and magnesium 
chloride containing fillers like stone chips, wood flour. The paste sets to hard mass on standing 
and is used for cementing glass, porcelain and in dental-filling. 

ө Detection of magnesium compounds : 

[A] Dry tests : Magnesium salt is mixed with NaCO; and mixture is Heated on a charcoal 
block in the oxidising flame, when a white incandescent residue is obtained. Two drops of 
cobalt nitrate solution is then added to the residue and heated again in the oxidising flame. The 
residue turns pink, which confirms the presence of Mg” ion in the salt. 

[B] Wet tests : In presence of NH,Cl and NH,OH, when а solution of di-sodium hydrogen 
Phosphate is added to an aqueous solution of magnesium salt, a white crystalline precipitate of 
magnesium ammonium phosphate is obtained. 

MgSO, + Na;HPO, + NH,OH = Mg(NH,) PO, 1 + Na;SO, + H;O 


CH-1U27 
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€ Questions ө 


1. Name the main ores of calcium. Why is calcium not found in nature in the free state? How can you obtain 

metallic calcium without electricity? 

2. In connection with the extraction of calcium by the electrolytic reduction process furnish the following 
informations— 

(1) Composition of the electrolyte used, (ii) Nature of electrodes (iii) Description of the electrode reactions and 
the temperature of the electrolyte. (iv Names of the substances liberated at the electrodes, (v) How is the produced 
metal is protected from the aerial О; or Cl; produced, (vi) Collection of the metal. (vii) By-products and their uses, 
(viii) Why is fluorspar added to the electrolyte ? 

3. State some important uses of calcium. Describe one dry test and one wet fest to detect the presence of Ca 
ion in a calcium salt. 

4. Describe the preparation, properties and uses of the following compounds— 

(i) Quick lime [WBHS 82, 93] (ii) Slaked lime [WBHS 937 (iii) Bleaching powder [WBHS ‘87, WBJEE '82] 
(iv) Plaster of paris ІН. S. (T) ‘82, WBJEE '84] (v) Calcium chloride (vi) Epsom salt (vii) Anhydrous magnesium 
chloride. 

5. Prove that (i) Calcium carbonate contains carbon and oxygen, (ii) Calcium is a strong reducing agent, 
(iii) Calcium sulphate contains sulphur, (iv) Calcium nitrate contains nitrogen and О». 

6. Explain why— Y 

(i) Plaster of paris is converted to a hard mass when water is added to it. ^ [W.B.H.$. '91] 

(ii) Milkiness of lime water is removed by passing CO; through it. 

(iii) Metallic calcium is not found free in nature. 

(iv) Calcium can not be extracted by the carbon reduction process from calcium oxide. 

(у) МН; or alcohol can not be dried by CaCl. 

(vi) A hissing is produced when water is added to quick lime. 

vii) Temperature is not allowed to rise above 120°C during the preparation of plaster of paris from gypsum. 

[W. B. Н. S. 93] 

(viii) Anhydrous MgCl, can not be obtained by heating hydrated magnasium chloride. 

(іх) In the extraction of calcium, fluorspar is added to anhydrous CaCl. 

(x) Calcium can not be extracted by the electrolysis of Ca(NO;); ог СаСОз ог CaSO,, 

(xii) Calcium deposited at ће iron cathode is brought out of the cell, but it is not attacked by aerial Оз, № 
and by Cl; evolved at the anode. 

(xiii) Na reacts vigorously with water, but Ca though more electro-positive than Na, reacts with water slowly. 

7. Explain with equations what happens when— 

(1) A piece of Ca is thrown into water. 

(ii) H gas is passed over heated Ca and product thus obtained is electrolysed. 

(iii) Nz gas is passed over heated Ca and product thus obtained is treated with water. 

(iv) Limestone is heated and the product is treated with water. 

(у) Clo is reacted with slaked lime at 40°C. 

(vi) Calcium oxide is heated strongly in a current of chlorine. 

(vii) Gypsum is heated upto 120°C and to the product water is added. IW. В. H. S. '94] 

(viii) Chlorine gas is passed through dry slaked lime. [HS. 94] 

(ix) SO? gas is passed through lime water. 

(x) Bleaching powder is treated with (a) НСІ (b) KI solution. 

(xi) Bleaching powder is heated with cobalt salt. 

(xii) Ammonia and СО; are passed through gypsum suspended in water. 

(xiii) Excess of СО» gas is gradually passed through lime water. 1н. 5. '88] 

(xiv) № gas is passed over heated Mg and the product is treated with water. 

(xv) Mg is treated with cold and dilute HNOs. 
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(xvi) NH3 gas is reacted with metallic Ca. 

(xvii) Metallic calcium is heated in air. 

(xviii) Ammonium oxalate solution is added to an aqueous solution of CaCl. 

(xix) Hz gas is passed over heated Ca and the product is treated with water. 

(xx) The hydrate MgCl;, 6H;O is heated. (WBIE ’94] 

8. Answer the following questions : 

(i) Name an alkaline earth metal. 

(ii) Why is the smell of Cl, obtained from bleaching powder ? [WBJEE '92] 

(їй) Which one is more electro-negative between Ca ond Mg? 

(iv) What is Sorel’s cement 2 

(v) Name the constituents of sodalime and super phosphate. 

(vi) How would you get HS from CaSO,? 

(vii) Name two alloys of calcium with their compositions and uses, 

(viii) Name a metal which may be extracted from the respective ores both by carbon reduction and electrolytic 
reduction. [WBJE '97] 

9. How would you prove that limestone contains carbon and gypsum contains sulphur. 

10. Starting from limestone how would you prepare— 

(i) Quick lime, (ii) Slaked lime, (iii) CaCl, (iv) Са(МО,)„ (v) CaSO,? 
11. Describe how would you prepare bleaching powder starting from limestone. [W.B.H.S. '90] 
12. (a) How is anhydrous MgCl, prepared from hydrated MgCl? 

(b) How is ammonium sulphate prepared without the help of H,SO,? 

13. Explain why— 

(i) Alkaline earth metals have higher melting points than alkali metals. 

(ii) Alkaline earth metals are dimagnetic. [Roorka '88] 

(iii) Lime water becomes turbid on passing CO, through it but becomes clear when excess of CO, is passed, 

(iv) Anhydrite (anhydrous CaSO,) can not be used as plaster of paris. 

(У Са(ОН), is stronger reducing agent than Be(OH];. 

(vi) NaCl is added to MgCl, in the extraction of Mg. (1.1.1. 87] 

(vii) BeCl, is acidic when dissolved in water. 

[Hints. As BeCl, is a salt of weak base Ве(ОН), and strong acid HCI, undergoes hydrolysis giving HCl in the 
solution. BeCl; + 2H,O = Ве(ОН); + 2HCI] 

(viii) Be and Mg do not give flame colouration whereas Ca, Be, Sr do so. 

(ix) Anhydrous MgCl, can not be prepared by heating hydrated MgCl. 

(x) MgO is used for the lining of steel making furnace. (LT, 87] 

(xi) Anhydrous CaSO, may be used as a dehydrating agent. 

(xii) Sodium reacts vigorously with water at ordinary temperature, but calcium though more electro-positive 
than sodium, reacts slowly with water, 

(xiii) During the preparation of plaster of paris from gypsum, the gypsum is not allowed to come in contact 
with carbonaceous fuel. 

14, Describe how would you bring the following changes— 

(i) CO from limestone [WBJEE "93], (ii) CaSO, from CaCO,, (iii) Plaster of paris from CaO, (iv) Ammonium 
sulphate from gypsum [H. S. ’94], (v) Slaked lime from quick lime, (vi) Bleaching powder from limestone. [WBHS 
'96], (vii) Gypsum to plaster of paris. 

15. (i) What is Epsom salt ? Describe its preparation ond uses. 

(ii) What is hydrolith? Mention its uses. 

(iii) Write down the steps of the following reactions using necessary reagents where needed— 
(a) Ca 2 СаО 5 CaSO, ¬+ (NH,)2SOx 

(b) CaCO; + CaO 4 CaCl, 6Н;© — CaCl, 4 Ca 

c) MglNO;); + MgO + MgCl, 6Н;© — Anhydrous MgCl, 

16. In the carbon reduction process of extracting magnesium, state the temperature at which the reduction 
is carried out and add a note on the process of collection of the metal and formation of metallic po í 

У ЕЕ "96, 
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e Objective type questions : 
1. Select the correct answer(s) : 
(i) Which of the following gives green colour in fire works #— (a) Са (Ы) Ва (c) Sr (d)K.  [Ans.(b]] 
(ii). Mg is burnt in № and the residue is treated with water. The gos evolved is— 
(а) Ha (Ы) № (c)NH; (d)O; [Ans. (с)] 
(iii) Metallic Mg is prepared by — (a) displacement of Mg by Fe from MgSO, solution (b) electrolysis of 
aqueous solution of Mg(NO3}2 (c) electrolysis of тоет MgCl, (d) reduction of MgO by coke. — [Ans. (с) (d)] 
(iv) Calcium is obtained by the — (a) Electrolysis of molten CaCl, (Ы) electrolysis of aqueous soln of CaCl, 


(с) reduction of CaCl, with carbon, (d) roasting of limestone. ` [Ans. (а)] 

У) Anhydrous MgCl; is obtained from hydrated MgCl (а) by strong heating (b) by heating with lime (c) by 

heating with coke (d) by heating in presence of dry HCI. [Ans. (d]] 

(vi) The compound insoluble in acetic acid is — (o) CaCO; (b) CaC;O, (c) СаО (d) Ca(OH), [Апз. (Ы) 

(vii) The hydration energy of Mg” is greater than that of—(a) AP* (b) Na* (c) Be?* [Ans. (b)] 
viii) Which one is strongest alkaline? 

(a) ВеОН) (Ы) Са(ОН) (c) SdOH) (d)Mg(OHl; [Ans. (b)] 


(ix) NazSQ, is soluble in water whereas BaSO, is sparingly soluble because— 

(о) Hydration energy of NazSO is more than its lattice energy, (b) lattice energy of BaSO, is more than 
its hydration energy, (с) the lattice energy has no role to play in salubility, (d) the hydration energy of Na;SO, 
is less than ils lattice energy. [Ans. (a) (b)] [I.T 89] 

(x) A compound X on heating gives a colourless gas. The residue is dissolved in water to obtain Y. Excess 
of CO, is passed through the aqueous solution of Y when Z is formed. Z on gentle heating gives back X. The 


compound X is— 
(а) СаСОз (Ы) NaHCO; (с) NazCO; (d)Co(HCOj; [Ans. (a]] 
(xi) Which of the following alkaline earth ion has maximum ionic mobility in water? 
(о) Са (b) Mg* (< Ва" (9) Ве" [Ans. (c)] 
(xii). The strongest reducing agent among ће following is— [Ans. (d)] 


(а) Са (Ы) Мә (Ва (9) Be. 
(xiii) Amongst the following hydroxides, ће опе which has the lowest value of K,, at ordinary temperature 


is— (a) МӘ(ОН) (Ы) Са(ОН), (c)BalOH); (d)BelOH); [Ans. (a)] [I.L.T. 90] 
(xiv) The chloride of an element burns with persistant crimson flame. The element is 
(а) Ва. (Ы Са (c)Sr (d)Na [Ans. (dll 


(xv) The sorel cement is i 
(а) MgCl, SHO (b) MgSO,, 7Н;О, (c) MgCls, 5MgO, nH;O (4) CaO, MgSO,, 7H:0. [Ans. 
(xv) Be is diagonally related to 
(o) Na (Ы) Мә (А! (d)Si [Ans. (c)] 
(xvi) Property of alkaline earth metal that increases with the atomic number is 
(а) ionisation energy (b) solubility of their sulphates, (c) solubility of their hydroxides, (d) electronegativity 
` [WBJE “971 [Ans. (c]] 


ALUMINIUM AND ITS 
COMPOUNDS 


e Aluminium e 
Symbol : Al Atomic No. : 13 Atomic weight : 27 
Electro-negativity : 1.5 Oxidation No. : +3 Atomic radius : 1:28 A 
Electronic configuration : 1s? 23? 2p* 3s? 3p! 


ө General characteristics of Group III A elements : 
Aluminium is placed in Group IIIA of the periodic table. The other members of this group 
"аге Boron (B), Gallium (Ga), Indium (In) and Thallium (TI). These are all 'p' block elements 
having the general configuration ns?, np!. 3 
As the electronic configuration of the outermost shell of these 
elements are similar, they closely resemble in their chemical properties. 
But the penultimate shel] (last but one) of this elements are not similar. 
Thus the penultimate shell of boron has s? electrons, aluminium has 
s*p® and the other three have spd" electrons. Consequently boron 
differs from the other members of the group. On the other hand, boron 
and aluminium are expected to have some similarities in their properties, 
as the penultimate shells of both boron and aluminium have inert 
gas structures. 


1. Atomic and ionic radius : The atomic radius increases from boron to thallium. A 
sudden increase in Al is observed which is due to the greater screening effect in Al as it has 
8 electrons in the penultimate shell, while boron has only 2 electrons in its penultimate shell. 


The atomic radii of Al and Ga are same and the increase of atomic = 
B 0.80 


radius between In and TI is very little. The screening effects of 
different orbitals are in the order s > p >d » f i.e., the screening 
effect of 's'-orbital is greater than that of p and so on. In Ga atom 
there are 10 ‘d’ electrons and consequently its screening effect 
becomes much less. The nuclear charge being greater, its outermost 
electrons are more strongly attracted by the nucleus. So there is no 
change in the atomic radii of Al and Ga atoms (See Chapter III 
periodic table). 

2. Melting and boiling points : Boron has high m.p. and b.p. This is due to the fact that 
itexists as a giant covalent polymer in solid state. The m.p. decreases from boron to Ga and then 
it increases. The m.p. of Ga is 29.8°C. This is due to the fact that it can exist as Са; molecule 
upto 2000°C. 

3. Ionisation potential : Though the atomic size of these atoms is small and the nuclear 
charge is high, the first ionisation potentials of these elements are less than the corresponding 
value of s-block elements. This is due to the fact that the p-electrons of these elements are less 
penetrating and more shielded than the s-electrons of s-block elements. The outermost 
p-electrons of these elements are further away from the nucleus and thus less attracted by the 
nucleus and so the p-electrons are easily removed than the s-electrons. 

4. Metallic character : Boron is more closer to non-metal in propertiés—it is poor 
conductor of electricity. The metallic character increases from boron to Tl. Al and other 
elements of this group are metallic and they have nearly equal electro-positive character. 
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5. Oxidation states : The electronic configuration of the valence shell of these elements 
is ns? np! and so these elements should exhibit +1 and 43 oxidation states. But boron and AI 
exhibit only 43 oxidation state while others exhibit both +1 and +3 oxidation states. 

[Monovalent character increases with the rise of atomic number. Thus while B and Al are uniformly trivalent, 
monovalent In and Tl are stable. Thus in addition to TICI and InCl;, both of them can form stable InCl and TICI, 
This is due to inert pair effect (see chapter on Nature of Chemical Bond). Again Ga appears to be bivalent in 
GaCl, which has infact, the structure Ga* [GaCl,} which actually exhibits the monovalent and trivalent nature 
of Ga.] 

6. Formation of electro-valent compounds : Due to its high ionisation potential, boron 
forms only covalentcompounds. Alcan form both covalent (e.g., anhydrous AICI) and electro- 
valent. compounds. Ga forms mainly electro-valent compounds (GaCl; is covalent). TI 
compounds are only electro-valent. 

7. Reducing property : The standard oxidation potentials of these elements are high except 
for boron. Al is a strong reducing agent—it is a better reducing agent than carbon. This is due 
to its low ionisation energy. 

8. Complex formation : Due to their smaller size and higher charge, the elements of this 
group have a greater tendency to form complexes. Boron halide can form complex halide of the 
type [BF;]-. By utilising its empty ‘p’ orbital boron can extend its co-ordination number up to 
4. It can not extend its coordination number greater than 4 due to its non-availability of 
‘d’ orbitals. The trihalides of other elements of this group can form complex halides of the type 
[AIF,]*, [GaCl,]^- etc., where the central atom achieves coordination number 6 by using ‘d’ 
orbitals. 


S tes aes 
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The chlorine atoms are arranged 


tetrahedrally around each Al atom. 


The fluorides of Al, Ga etc., are ionic having high melting points but the other halides of 
Al, Ga, In etc., are covalent when they are anhydrous. In these halides the elements make use 
of their ‘p’ orbitals by forming dimers and thus the metal atoms complete their octets. Thus 
AICI; AIBr; etc., exist as dimers both in vapour state and in non-polar solvents. 

4.1. Occurrence of aluminium in nature. 

Aluminium being an active metal, does not occur free in nature. It is the third most abundant 
element (7.4%) of earth’s crust. It is found only in combined state. The important minerals of 
aluminium are— 

(1) Oxide : Corundum (Al,0;) 

(2) Hydrated oxide : Bauxite (A10, 2H;0), Gibbsite (АО; ЗНО), Diaspore (АЬО»Н0) 

(3) Fluoride : Cryolite (AIF;, 3NaF) 

(4) Sulphate : Alunite [K,SO,, Al,(SO4)3, 4Al (OH);] 

(5) Aluminate : Spinel (MgO, ALO;) 

(6) Silicates : Felspar (К›О, Al2Q3, 6510), China clay or Kalolin (Al;0;, 25102, 290) 

The chief оге of aluminium is bauxite (АО, 29,0). 

In India bauxite is found in Madhya Pradesh, Maharastra, Bihar, Tamil Nadu. Indian 
bauxite consists of 60%—70% Al,O; and 1-2% SiO; and so it is considered as grade 1 bauxite. 
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e It is not possible to extract aluminium by carbon reduction process—Explain why? 

Metallic aluminium can not be extracted by the carbon reduction process from pure alumina 
АО}. This is due to the fact that, (i) aluminium being a strong electro-positive metal, has а 
strong affinity for oxygen. Asa result aluminium oxide is very stable compound. Consequently 
it is not possible for carbon to reduce Al;O; to metallic aluminium. (ii) The m. p. of alumina 
is 2050°C. At this high temperature, aluminium reacts with carbon to form aluminium carbide 
instead of metallic aluminium. 

ө The metal can not be extracted by the electrolysis of pure alumina alone—Explain 
why? 

Aluminium can not be obtained by the electrolysis of pure alumina alone. This is because 
of the fact that, (i) the melting point of alumina is very high—nearly 2000°C. Consequently too 
much electric energy is consumed to keep Al;O; in molten state—this makes the production 
costly. (ii) Molten Al;O, is a bad conductor of electricity. So cryolite is to be added to it to make 
it a good conductor of electricity. (iii) In addition to this, at this high temperature much of the 
produced aluminium is wasted due to its evaporation. 

As Al is highly electro-positive metal, it cannot be obtained by the electrolysis of the 
aqueous solution of its salts. So metallic aluminium is mainly extracted by the electrolytic 
reduction of pure alumina dissolved in molten cryolite'and fluorspar. On addition of cryolite 
and fluorspar (CaF), the melting point of Al;O; is brought down to 900°C. At this temperature 
the produced АІ is not wasted due to evaporation. Cryolite increases the degree of ionisation 
of molten alumina. 

This process of electrolytic reduction of Al,O, was discovered by Hall and Heroult. 
4.2. Extraction of aluminium from bauxite. 


Aluminium is extracted from bauxite. Bauxite consists of mainly 50-6096 of aluminium 
oxide. Crude bauxite is contaminated with impurities like ferric oxide (Fe;O;), silica (SiO;) and 
small amount of titanium dioxide (TiO;) etc. 

The bauxite which contains much ferric oxide and little silica, is known as red bauxite. 
Bauxite which contains much silica and less Fe;O; is known as white bauxite, 

e Aluminium is not extracted directly from bauxite, instead, bauxite is first purified to produce pure 
alumina from which aluminium is extracted by electrolytic reduction—Explain why? 

Aluminium is not directly extracted from bauxite. This is because of the fact that, bauxite is always associated 
with impurities like ferric oxide and silica. If bauxite is used directly for the extraction of aluminium, the iron ап 
silica present in it would deposit at the cathode during its же. reduction. The aluminium thus obtained at 
the cathode, becomes contaminated with iron and silica. As a result, the produced aluminium becomes brittle and 


is readily attacked by air and water. 

The extraction of aluminium by electrolytic reduction process consists of the following 
steps : 

(i) Purification of bauxite and preparation of pure alumina. 

(ii) Electrolytic reduction of pure alumina. 

(iii) Electro-refining of aluminium. 

1. Purifications of bauxite and preparation of pure alumina : 

(a) Red bauxite which contains much ferric oxide but little silica as impurities, is purified 
conveniently and economically by Baeyer's process. { ; 

It is to be noted that this process is not suitable for the purification of white bauxite which 
contains high amount of silica, as much aluminium is lost due to the formation of insoluble 
sodium alumino silicate. 

(b) White bauxite whichcontains much silica but less ferric oxide, is purified by Serpeck’s 
process, 

[A] Baeyer's process or modern wet process : 

(i) Bauxite is crushed to powder and the powdered bauxite is calcined below red heat, when 
any ferrous oxide present in the ore is converted to ferric oxide and the organic matters present 


in the ore are removed by combustion. 
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(ii) The calcined bauxite is then digested with 45% caustic soda solution in an autoclave 
nder 80 lb pressure at 150°C for 8 hours. As a result the whole of aluminium oxide passes 
ito the solution as soluble sodium aluminate and the little silica present in bauxite also 
asses into the solution as sodium silicate leaving behind ferric oxide and other insoluble 
mpurities. 

(iii) The hot solution is filtered, when a mixture of sodium aluminate and sodium silicate 
;olution is separated from the insoluble matters (Fe;Os, TiO: etc.) as filtrate. 

AlO; + 2NaOH = 2NaAIO; + H,0 ; SiO, + 2NaOH = Na,SiO; + HO 

(iv) The filtrate thus obtained is diluted with water and cooled to 25°— 30°C. It is then stirred 
constantly with a little amount of freshly prepared aluminium hydroxide (seeding agent) for 
several hours. This process accelerates the hydrolysis of sodium aluminate to insoluble 
aluminium hydroxide which is precipitated. 

NaAIO; + 290 = Al(OH); 1 + NaOH 

(v) Thealuminium hydroxide thus obtained is separated by filtration. Itis then washed with 

water and heated to 1100°С when pure alumina is obtained. 
2AKOH) — АО, + 3H,0T 


@ Flow sheet of Baeyer's process for the preparation of pure alumina : 


Finely powdered bauxite 
containing Fe,Os, Оз, SiO; 
as impurities 


Calcined (FeO  Fe;O:] 
organic matters аге removed 


Calcined ore 
Digested with 45% NaOH soln. at 
150°C under 801b pressure— filtered 


арен arad uni Bunch 


Residue Filtrate 
Ғе,Оз, TiO, NaAlO, + Na;SiOs 
Freshly prepared | Seeding agent- 
Al(OH); filtered 


Precipitate Filtrate 
ANOHh + NaOH, Na;SiOs 
© | 4 1000°C 

Pure alumina 
АО» 


[B] Hall's process of purification of bauxite : 

This process is employed for the purification of low grade bauxite. 

(i) Crude bauxite is heated to 1100°C with sodium carbonate and a little limestone, when 
sodium aluminate, sodium silicate and sodium ferrite are produced. Some amount of silica 
reacts with the lime to produce calcium silicate. 

АЬО; + Na;CO; = 2NaAIO; + CO; SiO, + NaCO; = №5103 + соТ 


Fe,0; + NaCO; = 2NaFeO;* СОТ; СаО + 510 = CaSiO; 
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(ii) The product is cooled to 80°С and is then extracted with water, when sodium aluminate 
goes into the solution leaving behind the insoluble products. Sodium aluminate solution is 
separated by filtration. 

(iii). Carbon dioxide is then passed through the filtrate at 50° — 60°С when insoluble 
aluminium hydroxide is produced, which is separated by filtration. 

2NaAIO; + CO; + 3H20 = 2AKOH); +  Na;CO; 


(iv) The aluminium hydroxide thus obtained is heated to 1100°C when pure alumina is 
btained. 
o 2AKOH); = А0; + 3H;O Т 


@ Flow sheet of Hall's Process : 
Finely divided bauxite ore 
iH Fused with Мо,СОз, water extraction 


Residue Filtrate 
SiO», Fe;Os elc. 60°C | CO, passed 


Precipitate Filtrate 
Al(OH), NaCO, 
^ 


Al,O, (Pure alumina) 


[C] Serpeck's process : 

Bauxite containing high percentage of silica cannot be purified by Baeyer's process. In that 
case it is purified by Serpeck's process. 

(i) In the process finely powdered bauxite is mixed with coke and the mixture is heated to 
1800°C in acurrent of nitrogen, when aluminium of bauxite is converted to aluminium nitride 
and silica is reduced by the coke to produce silicon which volatilises off with the produced 
carbon monoxide. Ur йз 

AlO; + 3C & № = 2AIN + 3CO f ; SiO, +2С = Si + 2CO T 

(ii) Thealuminium nitride thus obtained is reacted with hot and dilute caustic soda solution 

when sodium aluminate and ammonia are produced. 5 
AIN + NaOH + H;O = NaAlO; + NH, T 
(iii) The produced aluminium nitride and sodium aluminate on being hydrolysed yields ` 
aluminium hydroxide. 
NaAIO; + 2Н;О = АКОН), ¥ +,NaOH 
AIN + 3H;0 = Al(OH); + + NH; = “=з 
(iv) The aluminium hydroxide is collected by filtration and heated to 1100°C when pure 


alumina is obtained. 2AKOH); = АО» + 3H,0 1 
2. Electrolytic reduction of pure alumina : 


(i) Principle : Pure alumina melts at about 2000°С and is a bad conductor of electricity. 
If alumina is dissolved in fused cryolite (AIF;, 3NaF) and some fluorspar (CaF) is added to 


‘it, the mixture melts at 900°C and becomes a good conductor of electricity. 


When the molten mixture is electrolysed metallic aluminium is liberated at the cathode and 
oxygen is liberated at the anode. ‘ 

(ii) Description of the electrolytic cell : The electrolysis is carried out in an iron tank lined 
inside with gas carbon which acts as cathode. The anode consists of aseries of graphite rods 
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suspended vertically which dip into the mclten electrolyte. There is а tap-hole at the bottom of 
he tank to remove the produced aluminium in molten state. 
(iii) Procedure : At first a mixture of 60 parts cryolite and 20 parts of fluorspar is taken 
in the iron tank and the mixture is melted at high temperature produced by the arcs between the 
Powdered coke + sg + 


E AA Graphite rods 
QCM: (Anode) 


À Fused 
cryolite 
+ alumina 


A Living ol 2: 
carbon (С ode) 
= 


Tap hole y Molten 


Fig. 4.1 : 


cathode and anode rods. Pure alumina (20 parts) is then added which dissolved in the molten 
cryolite. The temperature of the molten electrolyte is kept at 900°C by passing electric current. 
The fluorspar increases the fluidity of the melt and lowers down the melting point of the 
mixture. The fused electrolyte is covered with a layer of powdered coke. With the passage of 
electric current alumina is decomposed liberating metallic aluminium at the cathode and 
oxygen at the anode. As the m.p. of aluminium is 659°C, it remains in molten state. Molten 
aluminium being heavier than the molten electrolyte sinks to the bottom of the cell and is tapped 
off from the tapping hole. The oxygen whichis liberated at the anode at high temperature attacks 
the graphite anodes producing CO and CO; which are given off. 

To prevent the loss of valuable graphite anodes due to oxidation, the sur! acc of the molten 
cryolite is covered with a layer of powdered coke, which is oxidised by the с\ olyed oxygen 
instead of graphite anodes. The layer of coke also prevents the radiation of heat from the 
electrolyte. 

[N. B. The process is continuous. When АО» is exhausted or if the content of alumina in the electrolytic bath 
falls below a certain percentage, the resistance of the cell increases. As а result the current flows through a lamp 
shunted off the circuit which then glows. This serves as a signal when more AlO; is added.] 

(iv) Reactions occurring at the electrodes : 

In the electrolysis of fused cryolite and alumina, at the end of the electrolysis, cryolite 
remains unchanged but alumina is decomposed to liberate aluminium at the cathode and 
oxygen at the anode. 

How this change is brought out can be explained by two theories. 

(a) According to the first theory, as cryolite has greater electro-chemical stability, it does 
not dissociate appreciably—it only increases the dissociation of Al;O; into ions and thus helps 
the conduction of electric current and acts as a solvent for alumina. In molten state alumina 


dissociates as Al* and O?- ions. On passing electric current through the molten electrolyte, AP* 
O*- ions are 


ions are discharged at the cathode liberating metallic aluminium ( reduction). 
discharged at the anode liberating oxygen gas. 
ALO, == 2AP* +30% 
At cathode : 2AB* + бе = 2А1; At anode: 30?- = бе = 3027 
(b) According to the second theory the electrolysis of alumina does not take place without 
the presence of cryolite and because of the presence of excess amount of cryolite (60%), it 


undergoes electrolytic dissociation. On the passage of electric current probably fluorine 1S 
liberated at the anode and aluminium is liberated at the cathode. The liberated fluorine reacts 
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with alumina producing aluminium fluoride and oxygen. The AIF; thus produced dissociates 
to liberate more aluminium. The reactions involved are as follows— 


AIF;)3NaF == AP*--3Na*-4 6F- 
At cathode : AP* + 3e = Al; At anode : 6F- — бе = ЗЕ; 
2АЬО; + 6F» = 4AIF; + ЗО; T » 


As sodium is more electro-positive than aluminium, Na* ions are not discharged at the 
cathode. 

3. Electro-refining of aluminium : 

Hoope’s process : Metallic aluminium thus produced by the electrolytic reduction of 
alumina, is not pure. Small amount of iron and silicon are found to be present in it. So the impure 

. metal is purified by Hoope's process. 

The process is carried out in an iron tank _ Molten cryolite + 
lined inside with carbon. The tank barium fluoride 
contains three molten layers of different raphite rods (Cathode) 
specific gravities. The specific gravities — [mpure Al Layer oí 

of these layers are such that their ZZ E2727 pure Al 
separation is maintained during A 
electrolysis. 

(i) The bottom layer in contact 

. with carbon lining consists of molten Molten 
impure aluminium containing copper to impure Al “pA y= Anode 
increase its density. This layer serves as 2022 А 
апойе. Fig. 4.2: 

(ii) The middle layer consists ofa fused mixture of the, fluorides of sodium, aluminiumand 
barium saturated with Al;O;, This layer is used as electrolyte. 

(iii) The top layer is pure molten aluminium and acts as cathode. 

A number of graphite rods are suspended in the top layer. On passing electric current, 
aluminium is deposited at the cathode from the middle layer and an equivalent amount istaken 
up from the anode layer at the bottom, Thus aluminium is transferred from the bottom layer 
to the top layer and the impurities like iron, copper, silicon etc., are left in the bottom layer. 

e Different informations in connection with the extraction of aluminium by the 
electrolytic reduction of pure alumina. 

(1) Names of the raw materials and ores used : Bauxite (Al,03,2H20);Cryolite (AIF;,3NaF); 
Fluorspar (CaF) and Sodium hydroxide (№ aOH). 

(2) Composition of the electrolyte used : The composition of the electrolyte used in the 
electrolytic reduction of pure alumina is (i) pure alumina (A103 20%), (ii) cryolite (AIF, 3NaF 
60%) and fluorspar (CaF 20%). 

(3) Nature of electrodes „Тһе electrolysis is carried out in an iron tank lined inside with gas 
carbon which serves as cathode. The anode consists of a series of graphite rods suspended 
vertically which dip into the molten electrolyte. 

(4) Temperature of the electrolyte : The temperature of the molten electrolyte is kept at 
900°C – 950°C. 

(5) Reactions occuring at electrodes Because of the presence of excess amount of cryolite 
(60%) it undergoes electrolytic dissociation as Alt and F- ions. On the passage of electric 
current fluorine is liberated at the anode and aluminium is liberated at the cathode. The liberated 
fluorine reacts with alumina producing AIF; and Оз. 

AIF;, 3NaF == АР" + 3Na* + 6F- 
At cathode : AP* + 3e = Al At anode : 6F- — бе = 3F2 
2A1,03 + 6F; = 4AIF; + 30; T 


Ф oua 
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(6) Collection of aluminium : Molten aluminium being heavier than molten electrolyte 
sinks to the bottom of the cell and is tapped off from the tapping hole. 

e In the electrolytic reduction process of extraction of aluminium, flvorspar is added to alumina— 
Explain why ? ! 

(i) Metallic aluminium can not be extracted by the electrolysis of pure alumina (Al,O;) alone. As the melting 
point of А.О» is about 2050°C, much electric energy is to be consumed to keep Al;O; in molten state for its 
electrolysis. In addition to this, at this high temperature most of the metallic Al which is obtained by the electrolysis 
of Al,Os, is wasted by its evaporation. (ii) Metallic Al is lighter than the molten alumina, as a result of which, the 
aluminium obtained by the electrolysis of molten Al;O;, floats on the surface of the electrolyte which is readily 
attacked by the oxygen liberated at the anode. Moreover it is difficult to collect the molten Al which floats on the 
molten electrolyte. Consequently during the electrolytic reduction of А/О; instead of electrolysing molten Al,O; 

alone; the pure alumina (AlO) is dissolved in molten cryolite and fluorspar. On addition of cryolite and fluorspar, 
Al;O; becomes a good conductor of electricity and the melting point of Al/O; is brought down to 900°C. This 
explains why fluorspar is added to Al,O; during its electrolytic reduction. _ 

• Artificial cryolite : Cryolite is very essential chemical in the extraction of aluminium from pure alumina, but 
the natural cryolite does not occur in our country. Consequently artificial cryolite is prepared by the reaction of 
aluminium fluoride and sodium nitrate on ommonium fluoride. 

AIF; + ЗМНЕ + 3NaNO; = AIF», 3NaF + 3NH,NO; 

© Metallic aluminium can not be extracted by the electrolysis of an aqueous solution of an aluminium salt— 
Explain why ? Aluminium can not be extracted by the electrolysis of an aqueous solution of an aluminium salt, 
say aluminium sulphate. This is due to the fact that the.aqueous solution of the salt contains АР and SOz ions 
produced by the dissociation of aluminium sulphate and some H* and ОН- ions, produced by the slight 
dissociation of water. 

AL(SO;), == 2А!* + 3502; НО <= н + OH- 

On ће passage of electric current both the АР* and H* ions move towards the cathode. Hydrogen being much 
less electro-positive than aluminium, the H* ion is discharged at the cathode in preference to Al* ion. The H atoms 
thus produced combine to form Hz. 

At cathode : 2H* + 2е= Н, T 

Thus by the electrolysis of an aqueous solution of Al,(SO,)s, Hz is liberated at the cathode instead of aluminium. 

ө Al can not be extracted by the electrolysis of molten AICI;, because AICI; is a covalent compound. On being 
heated it sublimes without forming liquid. Hence it is bad conductor of electricity. 


4.3. Properties of aluminium. 

[A] Physical : (i) Aluminium is а silver white metal. (ii) It is very light metal having the 
specific gravity 27. (iii) It is soft, malleable and ductile. (iv) Its melting point is 660°C. It 
becomes brittle at 600°C. (v) Aluminium is a good conductor of heat and electricity. 

[B] Chemical : 

1. Action of air : Aluminium is not affected in dry air, but in moist air its surface becomes 
covered witha thin film of its oxide which protects the metal from further attack of air. On being 
strongly heated in air, aluminium burns witha bright white flame producing chiefly aluminium 
oxide and small amount of aluminium nitride. 

4A1 + 30, = 2А1,0, ; 2А1+ № = 2AIN 

2. Action on oxygen : Aluminium is not attacked by oxygen at ordinary temperature, as 
the surface of aluminium becomes covered witha thin film of its oxide which protects the metal 
from further attack of oxygen. But at high temperature aluminium has a strong affinity for 
oxygen. Thus, the strong affinity of aluminium for oxygen at high temperature is applied in 
reducing metallic oxides. 
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€ Goldschmidt's alumino-thermic process—the reducing action of aluminium : 


This process was discovered by German chemist H. Goldschmidt arid hence the name 
Goldschmidt's Thermit or Alumino thermic process. 

This process is based on the fact that at high temperature aluminium has a strong affinity 
for oxygen. This property of aluminium at high temperature, is employed in reducing metallic 
oxides. At high temperature (nearly 1900°C) aluminium combines with the oxygen of the 
metallic oxides and a large amount of heat is evolved in this combination. The evolved heat 
produces a temperature of about 3000°— 3500°C. 

Thus ferric oxide, chromic oxide etc., are reduced by Al powder at high temperature with 
the production of great amount of heat. 

4Al + 30; = 2A1,0; + 772 К cal 
ZAI + FeO; = AbO; + 2Fe + 199 К cal 
2AI + Сг;О; = Al,O; + 2Cr + 131 k cal 

This process has the following important applications. 

(a) Thermit welding of iron and steel : 

Thermit—a mixture of 3 parts of ferric oxide and 1 part of aluminium powder is taken in 
a crucible made of fire clay. A little barium peroxide or potassium chlorate and magnesium 
powder are placed in a cavity at the top of the a ma 
thermit mixture to facilitate ignition. A Ignition mixture 
magnesium ribbon is pushed into this ignition (КСІО, + Mg powder) 
mixture. The crucible has a plugged hole at the 
bottom. The ends ofthe iron pieces to be welded 
arecleaned and sorrounded by a fireclay mould. 
The thermit is now ignited with the help of the 
magnesium ribbon. When the burning 
magnesium reaches the ignition mixture, a 
vigorous reaction sets in with the evolution of 
enormous amount of heat. At this high 
temperature ferric oxide is reduced to metallic 
ironby Al-powder. Duetotheexothermicnature . + : 
of the reaction the temperature rises to about Fig. 43: 
2500°C. The molten iron thus produced is tapped into the red hot broken ends of iron pieces 
and joins them together. The advantage of this process is that, the broken rails, parts of machines 
etc., can be welded without removing them from their original sites. 

(b) Thermit process can be employed for the extraction of metals having high melting 
points. Thus manganese, chromium etc., can be extracted from their oxides. 

Cr,0; + 2Al = 2Cr + AbO; + heat 
3Mn;0,+ 8Al = 9Мп + 4A1,0; + heat. 


3. Action on water : Due to the formation of thin film of oxide on the surface, aluminium 
is not attacked by pure water at ordinary temperature. But Al-powder reacts with boiling water 
to produce hydrogen and aluminium hydroxide. Aluminium amalgam readily decomposes 


water even in cold. 


2Al + 6Н;Ог= 2AKOH); + 3H; T 
4. Action with acids : (a) With hydrochloric acid : Aluminium reacts with dilute as well 
as concentrated hydrochloric acid at ordinary temperature evolving hydrogen and forming 


aluminium chloride. 
2Al + 6HCI = 2AICI; + 3H; 7 
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(b) With sulphuric acid : Dilute sulphuric acid does not react with aluminium, but hot and 
concentrated sulphuric acid reacts with Al-producing aluminium sulphate and sulphur dioxide. 
. (H,SO, = HO SO; + О) x 3 

2А1+ 30 = АО 
_ АО; + 3H2SO, = Al,(SO4); + ЗНО 


2A] + 6Н,50, = Al; (SO4)3+ 350, + 6H20 

(c) With nitric acid : Dilute as well as concentrated nitric acid has practically no action on 
aluminium in cold. However dilute nitric acid dissolves impure Al slowly, with the formation 
of aluminium nitrate. 

Concentrated nitric acid makes aluminium passive. In the passive state it fails to exhibit the 
properties of normal Al e.g., Al after treatment with conc. HNO; does not react with dilute 
hydrochloric acid. Passivity is said to be due to the formation of a thin layer of aluminium oxide 
on the surface of the metal. This is the reason for which nitric acid can be kept in an aluminium 
container. 

Aluminium is readily attacked by phosphoric acid with the formation of aluminium 
phosphate and hydrogen. 

2Al  2H3PO, = 2AIPO, + 3H; Т 

5. Action with alkalis : Aluminium reacts with hor caustic soda or caustic potash solution 
with the formation of corresponding aluminate salts and evolution of hydrogen. It also 
dissolves in a concentrated solution of sodium carbonate with the formation of sodium 
aluminate. 

2A] + 2NaOH + 2H;O = 2NaAIO; + 3H; T 

2A1 + 2KOH + 2Н,0 = 2KAIO, + 3H; T 
2А1 + Na;CO; + ЗН,О = 2NaAIO; + CO; + 3H; T 
6. Action on nitrates mixed strong alkali : Al reacts with strong alkali like NaOH or 
KOH to produce nascent hydrogen. Consequently when Al powder is added to a mixture of a 
nitrate and NaOH or KOH and is heated, the evolved nascent hydrogen reduces the nitrate to 
ammonia. 
[ 2NaOH + 2А1 + 2H;0 = 2NaAIO; + 6H ] x 4 
[ NaNO; + 8H = NaOH + NH; + 2H,0 ] x 3 
5NaOH + 8Al  2H;O + 3NaNO; = 8NaAIO; + 3NH; 


7. Action with non-metals : (a) At high temperature aluminium directly combines with 
nitrogen, chlorine and bromine yielding nitride, chloride and bromide respectively. 


2A1 + N =2AIN ;  2AI«*3Ch-2AICh; 2А1+ 3Br; = 2AIBr; 
(b) Atelevated temperatures aluminium combines directly with sulphur to form aluminium 


Ше, 2А1+ 35 = ALS; 
(c) At very high temperature aluminium combines directly with carbon yielding aluminium 
em 4A1 + 3C = ALC; 


AICI, AIN, Al;S; and ALC; on being heated with water or steam undergo hydrolysis and 
Al(OH); is produced in each case. А 
AICI; + ЗНО = Al(OH); + ЗНСІ; AIN + 3H,O = Al(OH); + МН; T 


ALS; + 69,0 = 2AKOH); + 3H,S ; AlyC; + 12H;0 = 4AK(OH); + 3CH, 
(methane) 
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8. Displacement reactions : Aluminium can displace metals like copper, lead, zinc, 
murcury which are below aluminium in the electro-chemical series from the aqueous solution 
of their salts. 

2Al + 3CuSO; = А150) + 3Cu 1; 2A1 + 3Pb(NO;); = 2АКМО)),  3Pb L 

9. Reducing action : At above 1000°C aluminium has a strong affinity for oxygen and so 
at high temperatures it acts as a strong reducing agent. It reduces the oxides of metals which 
are below it in the electro-chemical series to the respective metals. 

Fe;O; + 2Al = 2Fe + Al;/O; + Heat ; Cr)O; + 2А! = 2Cr + Al,O, + Heat 

© When an acidified solution of CuSO, is electrolysed, metallic copper is liberated at the cathode, but 
when an acidified solution of aluminium salt is electrolysed, metollic Al is not liberated at the cathode — 
Explain why ? 

When an acidified solution of a salt of aluminium is electrolysed, metallic aluminium is not liberated at the 
cathode. This is because of the fact that, as Al is a strong electro-positive metal, the discharge potential of Al% 
is very high. Consequently, when electric current is passed through the aqueous solution of a salt of aluminium 
e.g., Al(SO,];, the H+ ions of water are discharged at the cathode in preferance to АР* ions. The liberated Н atoms 
combine to form Ho. Thus instead of aluminium, hydrogen is liberated atthe cathode. On the otherhand, as € 
is less electro-positive than hydrogen, on the passage of electric current through CuSO, solution, instead of H* 
ions Cu% ions are discharged at the cathode liberating metallic copper. 

4.4. Uses of aluminium. 

Aluminium is extensively used in our daily life. 

(i) Because of its lightness, fairly tensile strength and resistance to corrosion, aluminium 
is used for making utensils, frames, bodies of airships and motor cars. 

(ii) Because of its good electrical conductivity it is widely used for making wires for 
electrical transmission. 

(iii) Aluminium powder is used in making silvery paints, in fire works, in flash light 
photography. 

(iv) Aluminium foil is used for wrapping confectionary, cigarettes etc. 

(v) Aluminium is used in the thermit process for welding iron rails, machine parts etc. It 
is also used in the extraction of metals like chromium, manganese etc. 

(vi) It is used as deoxidiser in the manufacture of steel. 

(vii) Itis extensively used for making a large number of most essential alloys. Some of such 
alloys with their compositions and uses are given below : 


(4) Alnico | Al 20%, Ni 20%, | For making 

Co 10% Steel 50% | permanent 

magnets 

(5) y-alloy | Al 92%, Cu 4%, Mg | Pistons and 
1.5%, Ni 2.5% machine parts 

(6) Nickeloy | Al 95%, Cu 4%, Ni Air сга parts 

1% 


(1) Magnelium| Al 98%, Mg 2% 


(2) Duralumin | Al 95%, Cu 4%, | Air craft parts, 
Mg0.5%,Mn 0.5% | boat machinary 


(3) Aluminium | Al 10%, Cu 90% лаа аа унай 
bronze frames, utensils, 
golden paints 


ө Anodising : To protect the articles made of aluminium and its alloys from corrosion, the 
surface of these articles are coated with a protective as well as decorative film of aluminium 
oxide. Such coating is formed by anodic oxidation which is called anodising. The article to be 
coated is first cleaned well. It is then used as anode in an electrolytic bath of chromic acid or 
ammonium borate solution. On passing electric current, oxygen is liberated at the anode and 
as a result the article is coated with a film of aluminium oxide. Such anodic coating is hard and 
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has a good insulating property. This film has the ability to absorb organic dyes which gives the 
article a better look. 

€ Calorising : It is the process of impregnation of the surface of iron, steel, copper, 
nickel etc., with metallic aluminium. This process is carried out by heating the metals to about 
1000°C with fine powder of aluminium and aluminium oxide in a reducing atmosphere of 
hydrogen, when a thin and tightly adherent protective coating of aluminium oxide is formed on 
thesurface. Calorised non-ferrous metals and alloys e.g., Cu, Ni, brass etc., are resistant to acids 
and oxidation at high temperatures. 

4.5. Compounds of Aluminium. 

1. Aluminium oxide or Alumina (ALO.,) : 

Aluminium oxide occurs naturally as (i) Corrundum which is colourless and crystalline. 
(ii) Emery which is opaque and hard. These are anhydrous Al;O;. It. also occurs as coloured 
gems like ruby, emarald, sapphire etc., which contains Al;O; with traces of Fe, Cr, Mn, Co etc, 
The hydrated aluminium oxides occur in nature as bauxite, diaspore and gibbsite. 

[A] Preparation : (i) From bauxite : The preparation of pure alumina from bauxite has 
already been discussed under the extraction of aluminium. 

(ii) From aluminium salts : By adding requisite amount of sodium hydroxide to a solution 
of aluminium salt, a gelatinous white precipitate of aluminium hydroxide is obtained. The 
precipitate is collected by filtration and washed by water. It is then strongly heated when 
aluminium oxide is obtained. 

AICI» + 3NaOH = Al(OH); + 3NaCI; 2Al(OH); = Al,O; + 3H;0 
(iii) Pure aluminium oxide can be prepared by igniting aluminium hydroxide, aluminium 
sulphate or aluminium nitrate or ammonium alum. 
2AI(OH); = АО; + 3H;0; 2A1,(SO,); = 2А1›О; + 6SO; + 30, 
(NH4)SO,, Ab(SO,;);, 24H20 = Al,O; + 4H;SO, + 2NH; + 21H;O 
4AI(NO;); = 2A1,0; + 12NO; 7 + 30; T 

[B] Properties : 

(1) It is white amorphous solid and insoluble in water. Its melting point is above 2050°C. 

(2) It is very stable oxide; it can not be reduced by heating it with carbon or hydrogen. 

(3) Itis an amphoteric oxide. It reacts with both acids and alkalis yielding salts and water. 

Al,0; + 6HCI = 2AICI; + ЗНО; АО; + 2NaOH = 2NaAIO; + H;O. 

(4) On being heated strongly with Ма;СО; it forms sodium aluminate. 

А1;О; + Na;CO; = 2NaAIO; + CO, 7 

(5) It is soluble in acids, but when it is ignited above 850°C, it becomes insoluble in acids. 
Ignited alumina is brought into solution as aluminate by fusion with strong alkalis. 

(6) On heating strongly with cobalt nitrate, it yields a blue mass of cobalt aluminate which 
is known as thenard blue. 

2Co(NO;)2 = 2CoO + 4NO, + О, 
Al;O; + CoO= CoALO, (Thenard blue) 

[C] Uses : It is used (i) for the extraction of metallic aluminium and in the preparation 
of alums. (ii) As a mordant in dying, as catalyst in many organic reactions, as an adsorbant in 
chromatography. (iii) Ignited alumina is used for making refractory bricks. (iv) It is also used 
in the preparation of artificial gems. (v) Artificial corrundum is known as alundum. It is 
prepared:by fusing bauxite with coke 3% and iron 2% in an arc furnace at 3000°C. It is used 
as basic refractory and abrassive. 
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2. Aluminium hydroxide [AKOH);] : i 

[A] Preparation : Itis prepared by adding excess of ammonium hydroxide or sodium 
carbonate solution to a solution of aluminium salt, when a white gelatinous precipitate of 
aluminium hydroxide is obtained. The precipitate is collected by filtration, washed and dried 
at low temperature. 

2AICI; + 3Na;CO; + 3H;O = 2Al(OH); + 6NaCI + ЗСО, 
AL(SO;); + 6GNH4OH = 2AK(OH); + 3(NH4),SO; 
[B] Properties : (i) It is white solid. On being strongly heated it is converted to aluminium 


ide. 
E 2AI(OH); = АО; + 3H,0 
(ii) It dissolves both in acids and strong alkalis yielding salts and water. 
АКОН); + 3HCI = AICI; + 3H;0; Al(OH); + NaOH = МаА1О; + 2H;O 

[C] Uses : (i) Precipitated aluminium hydroxide readily adsorb colloidal substances and 
colouring matters. So it isused in the clarification of water and sewage liquids. (ii) It is used 
as a mordant in dying. (iii) In water proofing of fabrics. (iv) Aluminium hydroxide on being 
heated to 200°C — 250°C is converted to partly dehydrated. This is known as alumina gel. It is 
used as drying agent and as an adsorbent in chromatography. 

3. Aluminium sulphate [AL(SO,),, 18H;0] : 

[A] Preparation : (1) Hydrated aluminium sulphate is prepared by dissolving metallic 
aluminium or aluminium oxide or hydroxide in hot and conc. H,SO4. The solution so obtained 
is made concentrated and then cooled, when pure crystals of Al,(SO,)s, 18H30 are obtained. 

АЬО; + 3H;SO, = Al,(SO,); + 3H20; 2А1 + 69,50, = Al,(SO,); + 350, + 6H;O 

Al(OH); + 3H2SO, = Al(SO,); + 6H;O. 

(2) Commercially, aluminium sulphate is prepared by heating crude bauxite at 1 100°C with 
sodium carbonate when sodium aluminate, sodium silicate and sodium ferrite are produced. 
The product is extracted with water when sodium aluminate goes into the solution leaving 
behind the insoluble products. It is separated by filtration and CO, is passed through the filtrate, 
when insoluble aluminium hydroxide is precipitated. It is separated and dissolved in dilute 
Н,50,. The solution so obtained on concentration and cooling gives crystals of aluminium 
ШШЕ AlO; + Ма›СО, = 2NaAIO; + СО; Т 

2NaAIO,; + СО; + 3Н;О = 2А1 (ОН); + Ма;СО; 
2AI(OH); + 3Н›$О, = Ab(SO;); 1 + 6H;0 

[B] Properties : (i) Hydrated aluminium sulphate is colourless and crystalline. Gi) The 
crystals of aluminium sulphate on gentle heating (340°C) lose water of crystallisation and 
become anhydrous. It decomposes at above 650°C to give aluminium oxide, SO; and oxygen. 


Al,(SO,)s, 18H;0 X AL(SO;); 


2AL(SO4s A 2АЬО; + 680; 1 + 30; 1 1 
(3) It is very soluble in water and its aqueous solution becomes acidic due to hydrolysis. 
Al,(SO4); + 6H,0 => 2Al(OH); + 6H* + 3502 

For this reason aluminium carbonate is not obtained when sodium carbonate or NaHCO; 
is added to an aqueous solution of aluminium sulphate. Instead of aluminium carbonate, 
aluminium hydroxide is precipitated with the evolution of CO». 

Al, (SOx); + 3Na,CO; + 3Н›О = 2Al (OH); 4 + 3Na;SO, + ЗСО, Т 

Al,(SO,)3 + 6NaHCO; = 2AI(OHs) 4 + 3NajSO, + 6CO, T 


D 


CH-1U/28 
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(4) Aluminium sulphate forms double salts (alums) with the sulphates of alkali metals 
e.g., it produces common alum with potassium sulphate. 
K5SO,, Al(SO4)s, 24H20. 

[C] Uses : Aluminium sulphate is used (i) for ‘sizing’ in paper industry and in leather 
industry, (ii) as ‘foam’ fire extinguisher and in the manufacture of alums, (iii) in purification 
of sewage water, (iv) as а mordant in dying and calico-printing. 

@ Why is aluminium sulphate used as a mordant in textile industry ? 

There are some dyes which donot dye animal or vegetable fibres directly. Such fibres are soaked in a solution 
of aluminium salts e.g., aluminium sulphate and then it is treated with a basic solution of the dye. А50) in its 
aqueous solution undergoes hydrolysis with the formation of Al(OH)]s which acts as mordant. Al(SO,); + 6H,0 
= 2АЦОН), + 3H;SO,. When the fibres are soaked in aqueous solution of AL(SO,J; the freshly precipitated 
АҚОН), sticks to the fibres firmly. When these fibres are treated with basic solution of a dye, the dye combines 
with the Al(OH); to form an insoluble lake which is fast to washing: The process of formation of metallic hydroxides 
on the fibres before dyeing is known as mordanting. Not only Al [SO], other salts of aluminium possess this 
property and is extensively used as mordant in textile industry. 

4. Alums: 

Originally the term ‘alum’ was given to double salt of potassium aluminium sulphate, 
K5SO,, Al,(SO,)3, 2490. But now, this name is given to all the double sulphates of the type 
R5SO,, М,(50,)з, 24H20, where R stands for univalent cation like Na*, Kt, МН; etc., M stands 
for trivalent cation like AP*, Cr?*, Fe?*, Mn*, Я 

[N. B. : Lithium does not form alum, because Li atom is too small fo have a coordination number gf six.] 


Some common examples of alums are— 


(i) Potash alum (common alum) : = KSSO,, Al,(SO,)s,  24H;O 
(ii) Sodium alum : NaSO, А150), 249,0 
(iii) Ammonium alum :  (NH45SO,  AL(SO),  24H;O 
(iv) Chrome alum ; : -= K,SO,, Cr,(SO,)3, 249,0 


All the alums are isomorphous and form mixed crystals. 


Potash alum or Common alum : 

[A] Preparation (Manufacturing process) : 

(a) From bauxite or aluminium sulphate : 

(i) Bauxite is ground to powder and the powdered ore is then heated with 60% sulphuric 
acid in a lead lined steel tank to form aluminium sulphate. The FeO; present in bauxite is 
converted to ferric sulphate. 

(ii) Both Al,(SO,)3 and Fe,(SO,); thus produced go into the solution and silica remains 
insoluble. 

А1,О, + 3H2SO, = Al(SO;); + 3H;O 

(iii) The solution is separated from silica by filtration and to the filtrate barium sulphide is 
added to reduce the ferric sulphate to ferrous sulphate. BaSO, is precipitated. 

(iv) The solution is then filtered when a clear solution of aluminium sulphate is obtained 
as filtrate. To this clear solution calculated amount of potassium sulphate is added. (iv) The 
mixed solution is then made concentrated and cooled when crystals of alum K;SO,, AL(SO4 
24H;O separate out from the solution. It is purified by recrystallisation to obtain alum freed 
from iron. 

ALO; + 3H;SO, = Al,(SO,)3 + ЗНО 
Fe,0; + 3H;SO, = Fe,(SO,); + ЗНО 
K,SO, + Al,(SO,)3 + 24H2O = K2SO,, Ala(SO,)3, 24Н›О. 
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(b) From pyrites shale (alum shale) : 

Alum shale is a mixture of aluminium silicate and iron pyrites. Itis roasted when iron pyrites 
is oxidised to form ferrous sulphate and H»SO,. The H5SO, thus produced reacts with Al,O, of 
aluminium silicate to form aluminium sulphate, silica is left behind. The mixture of ferrous 
sulphate and aluminium sulphate solution is separated from silica by filtration. The solution is 
evaporated and made concentrated. This concentrated solution when cooled crystals of FeSO,, 
7H,0 separate out from the solution. Now calculated amount of potassium sulphate is added 
to the mother liquor and the solution is cooled when crystals of potash alum are obtained. 


‘ si 
2FeS; + 29:0 + 70, — 9 , 2Ее$О, + 2H,SO, 
АО», x SiO; + 3H;SO, = А1 (504); +x SiO; | + 3H;O 
K,SO, + Ab(SO;);  24H;O = K2SO,, Al,(SO,);, 24Н›О 

(c) From alunite : Alunite is a mineral having the composition [K,SO,, Al,(SO,)s, 
4A1(OH);]. Powdered alunite is boiled with dilute sulphuric acid when Al(OH), of alunite is 
converted to Al,(SO,)s. The solution thus obtained is filtered, To the filtrate, calculated amount 
of K;SO, is added and the solution is cooled, when crystals of potash alum separate out. 

ЇВ] Properties : Potash alum is colourless crystalline compound. It forms octahedral 
crystals. Itdissolves in water and the aqueous solution is acidic due to the hydrolysis aluminium 
sulphate to sulphuric acid. 

AL(SO;) + 69,0 == 2AI(0H); J 6H* + 380,77 

On heating at 200°C, it swells up by losing its water of crystallisation leaving a residue of 
anhydrous sulphate called burnt alum. 

[C] Uses : Alum is used (i) in the purification of water. The colloidal impurities present in 
water are precipitated by Al(OH), formed due to the hydrolysis of Al,(SO,); of alum, (ii) in 
tanning of leather, (iii) in dying and calico printing and (iv) as a styptic to arrest bleeding. 

€ In minor cuts during shaving we use common alum to stop bleeding. What is the reason ? 

Blood is a colloidal solution of an albuminoid substance. The colloidal particles of blood are negatively 
charged. Now Al% ions are obtained from the aqueous solution of alum. The negatively charged colloidal particles 
of blood are coagulated to a clot by the trivalent Al* ions of alum. This explains the stoppage of bleeding from 
minor cuts by the application of alum, 

5. Aluminium chloride (AICI, 6H,O) : 

[A] Preparation : Hydrated aluminium chloride is obtained by dissolving metallic 
aluminium or aluminium hydroxide in dilute hydrochloric acid, The solution thus obtained is 
made concentrated by evaporation by slow heating when crystals of hydrated aluminium 
chloride separate ош. E 

Al + 6HCI = 2А1С1; + 3H; ; AI(OH); + 3HCI = AICI; + ЗНО 

The hydrated aluminium chloride on being heated undergoes hydrolysis to form aluminium 
oxide. Consequently anhydrous aluminium chloride can not be prepared by simply heating the 
hydrated crystals. 

2(AICI;, 6H20) = 2Al(OH); + 6HCI + 6H;O 
2AKOH); = АО; + 3H,0 
2(AICI;, 6H20) = Al,O; + 6НСІ + 9Н;О 


ө Preparation of anhydrous aluminium chloride : 
(i) Anhydrous aluminium chloride is prepared by passing dry chlorine or dry hydrogen 
chloride gas over heated aluminium powder. 
2AI + 3Cl; = 2AICL ; 2A1 + 6HCI = 2AICI, + ЗН, T 
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(ii) It may also be obtained by heating aluminium oxide in a stream of sulphur chloride. 


vapour and Cl». 
4AL0; + 3S;Cl; + 9СЪ = 8AICI; + 650; 


(iii) Manufacturing process : Anhydrous aluminium chloride is manufactured by he 
an intimate mixture of pure alumina and coke at /000°С in a current of dry chlorine. 


ALO; + 3C + 3Cl; = 2AICl + ЗСО T 


Procedure : An intimate mixture of dry and pure alumina and coke is taken in a comb 
tube. The one end of the combustion tube is provided with an inlet tube through which 
chlorine gas is p 

Sodalime guard tube over the mixture in 

combustion tube. T 
other end of the co 
bustion tube is 
ted with a large b 
which acts as гесёй 
There is an outlet. 
connected with the 
ceiver, the out 
which is guarded 
sodalime bulb. This pi 
г vents the entry of mo 
Fig. 4.4: ture into the receiver. 


The combustion tube is strongly heated to about 1000°C and dried Cl, gas is passed o 1 
the mixture of alumina and coke. As a result, anhydrous aluminium chloride and ca 


vapours of AICI; are condensed and CO passes out through the outlet tube. 
[В] Properties : 
(i) Hydrated aluminium chloride is colourless crystalline solid. 
(ii) It is soluble in water and its aqueous solution is acidic due to its hydrolysis. 
AICI; + 3H,O == Al(OH); + 3(H* + CI) 
(iii) Hydrated aluminium chloride on being heated undergoes hydrolysis to produce A 


and НСІ. ^ 
2(AICI;, 6H;0) => Al,O0,+ 6HCI + 9H;O. 


It fumes in moist air as hydrogen chloride is given off due to hydrolysis. 
2AICI; + 3H;O = ALO; + 6HCI T 

(v) On heating it sublimes at 185°C. It is soluble in excess of water. It is also soluble ir 
organic solvents like alcohol, ether, benzene, toluene etc. 

(vi) Anhydrous AICI; forms addition products with NH3, PH;, HS etc. 

AlCl; + 6NH; = AICI, 6NH3. 

(vii) When caustic soda solution or caustic potash solution is gradually added to an aque 
solution of aluminium chloride at first a gelatinous white precipitate of aluminium hydi 
is obtained. On addition of excess of alkali solution the precipitate dissolves with the forn 
of soluble aluminate salts. é tar 
AICI;  3NaOH = Al(OH); 1 + 3NaCI 
Al(OH); + NaOH = NaAIO; + 2H;0 
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(viii) The vapour density of anhydrous aluminium chloride upto 350°C corresponds to the 
formula AlCle. It shows that it is dimeric upto 350°C. At temperatures above 350°C the dimer 
form begins to dissociate into its monomeric form (AICI) and at 900°C it is completely 


dissociated to monomer. 
ш АҺСЬ = 2AICI, 


(ix) Anhydrous aluminium chloride is largely covalent and so it does not conduct electricity 
in fused state. 

(x) In АЪ›СЪ both the covalant and coordinate covalent bonds are present. Its structure is 
represented as given below which shows that it is an autocomplex. 


a Gi. 9: 
Мести 
‘cl c 

This dimeric formula is maintained when it is dissolved in non-polar solvents such as 
benzene. 

(xi) As aluminium chloride is a covalent compound, the Al-atom has an incomplete electron 
octet. Consequently it can accept an electron pair and thus acts as a Lewis acid. 

cl 
CI ¢ Al 
CI 

[C] Uses : (i) Anhydrous aluminium chloride acts as catalyst in Friedel-Craft's reaction 
in organic chemistry. (ii) It is also used as catalyst in the manufacture of gasoline by cracking 
of petrolium. (iii) It is used in the preparation of dyes and medicines. 

6. Aluminium nitrate [Al(NO3);, 9H20] : 

[A] Preparation : (i) Aluminium nitrate is prepared by treating aluminium hydroxide with 
dilute nitric acid. The solution obtained after the completion of the reaction is concentrated and 
cooled, when crystals of aluminium nitrate separate out. 

Al(OH); + 3HNO; = AI(NO;), + 3H0: 
(ii) Aluminium nitrate may also be obtained when aluminium sulphate solution is added 


to lead nitrate solution. Insoluble lead sulphate is precipitated and the produced aluminium 
nitrate goes into the solution. Itis separated by filtration. The filtrate on evaporation and cooling 


yields crystals of aluminium nitrate. 
3Pb(NO;); + Ab(SO;); = 2AI(NO;) + 3PbSO, 4 
[B] Properties : (1) It is colourless crystalline solid— soluble in water as well as in alcohol. 
(2) It undergoes hydrolysis in its aqueous solution and the solution becomes acidic. 
Al(NO3); + ЗНО == АКОН), + 3(H* + МОЗ) 
(3) On being heated it decomposes to give aluminium oxide, nitrogen dioxide and oxygen. 
4Al(NO;); = 2AbO; + 12NO; + 30, ` 
[C] Uses : It is used as mordant in dying and in making gas mantles. 
4.6. Identification of AP* radical or aluminium compounds. 


(1) Dry tests : 

Cobalt nitrate test : Aluminium salt is mixed with solid sodium carbonate in the proportion 
of 1 2 3 by weight and the mixture is taken in the cavity of a charcoal block and heated.in a 
reducing flame, when a white incandescent residue is left behind. To the residue one drop of 
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cobalt nitrate solution is added. It is then heated again in an oxidising flame when a blue residue 
[CoAL0,] is left in the charcoal. This blue residue is known as Thenard’s blue. 
2Co(NO;) = 2CoO + 4NO; + O2 
ALSO), + 3Ма;СО; = Al/O; + ЗМа;$О, + ЗСО; 
Al,0, + CoO = Co Al; О, (Thenard's blue) 
(2) Wet test : 


Ammonium hydroxide is added to an aqueous solution of an aluminium salt when a 
gelatinous white precipitate is obtained which is insoluble in NH,CI solution. l 


AICI, + 3NH,OH = АКОН), J + 3NH4CI. 


(ii) Sodium hydroxide solution is added slowly to a solution of aluminium salt when a 
gelatinous white precipitate of aluminium hydroxide is obtained. When excess of NaOH 
solution is added, the precipitate dissolves with the formation of soluble sodium aluminate. The 
precipitate reappears when the clear solution is heated with ammonium chloride. d 


AICI; + 3NaOH = АКОН); 1 + 3NaCI 
АКОН), + NaOH = NaAIO; + 2H;O 
NaAlO, + NH,Cl + H;O = Al(OH); J + NaCl + NH; Т 
© Ultramarine or Lapis Lazuli: 


wide variety of colour —blue, green or violet, 

ci ially prepared substance is called uliramarine. 

Itis blue ріст i ivi line, soda ash, sulphur and wood cha 

loa high б ture in absence of air. The initial product white in colour is cooled and washed with water. | t 
and finel 


is dri 


It is used in making blue paints, in laundry for blueing purpose and in calico printing. 
€ Hydrolysis of Al-salts ond their acid property : , 
The non existence of aluminium carbonate, ferric carbonate can be explained on the basis of hydrolysis ¢ 
salts. For example, Ala(COs)3 is a salt of weak base [ANOH);] and weak acid (НСОз). Similarly AlS; is а 

of weak base [Al(OH)3] and weak acid Н;$. These two salts undergo extensive hydrolysis with water. 
Al,(CO;); + 6Н;О «== 2АКОН), + 3Н›СО, 

Al, + 69,0 «== 2AI(OH), + 39,5 

Now HCO; being weak, decomposes to CO; and HzO which is removed from the equilibrium system cav; n 
the shift of equilibrium to the right. Same is hap in case of weak acid H;S. Now this hydrolysis of Al 
makes the aqueous solution acidic. Because of high charge, small radius (hence ionic potential becomes high 
and presence of vacant d orbital, the Al?* ion is extensively hydrated to form hexa aqua Al* ion [Al (90) 


H 3+ 
[но - A1 <] 


The Al?* ion pulls the electron pair between Al and О atom towards itself. As a result, the next О-Н 
is weakened. Hence in aqueous medium proton (H*) is released from hexa aqua Al? ion rendering the aqui 


solution acidic. 


H 
[но - A1 - oZ | НО x> H,0'+[AI(H;0); OHJ“ 
H conjugate base 


Now if the solution contains anions like CO; or S--, further ionisation of the conjugate base takes pl 
[Al (H,O)s OHP* + CO37 == [А(н;О), (ОН) + HCOs 


This explains why any attempt to prepare carbonate or sulphide salt of Al in aqueous solution results in 
precipitation of white gelatinous AI(OH)s. f s 
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€ Preparation of different compounds of aluminium and their inter converiions : 


Metallic Combustion in O, Aluminium HO _ Hydrated Мн Aluminium 
<—— Cu. hydroxide 
[AlOH);] 
ii | 
но, 
Aluminium sulphate 
[Al45O,), 18H;O] 
+ KO, 
Aluminium Anhydrous Aluminium Aluminium 
nitrate Aluminium carbide nitride 
[Al (NOs)s] chloride [АС], IAN] Alum 
pe (АСЫ ' | „| Smo, 102504, Al{SO,)s, 2490] 
(moss Oyaa Iz Aluminium 
[AO] TER 
Aluminium Al(OH] 
(ТЕ a jason 
Alumina 
- || [AkO] 
Sodium aluminate 
[NaAIO;] 
ө Questions è 


1. (a) Name two ores of aluminium with their formulae. 

(b) Describe the process of purification of bauxite and the process of extraction of aluminium from the 

purified bauxite. Give necessary equations. [WBHS '88] 
2. (a) How pure alumina or bauxite is obtained from bauxite ore * [WBHS ‘86 ; WBJE '97] 

(b) State the electrolyte, electrodes and the conditions for extraction of aluminium by electrolytic reduction. 
Give reactions. [WBJEE ‘93 

(с) Describe how; the impure oluminium is purified by electro-refining process. [H. S.(T) '83] 

3. In connection with the extraction of aluminium from bauxite, furnish the following informations : 

(il The purification of bauxite to prepare pure alumina, (ii) Composition of ihe electrolyte used, i Nature 
of electrodes, (iv) The functions of ite and fluorspar [WBJE ‘971, s) Electrode reactions, (vi) Whot step is taken 
to prevent the corrosion of ‚ (vi) Collection of the matol. 

4. (o) Which one of Na and Al has the stronger reducing property ond explain why. In which case you will 
be successful if you want to reduce No;O by Al or АО; by Na ? 

(b) What is the function of cryolite in ће extraction of o metal? Name the metal. [WBJEE '94] 

(c) Describe the preparation of alum from bauxite. [WBHS. '87; WBJEE ‘89! 

5. Write short notes on— 

(i) Alumina [H. S. ‘871, (ii) Thermit process [WBHS ‘87, ^92, WBJEE '94], (ii) Anhydrous AICI, [H.S. ‘85, 

'88, '90, Jt Ent '81], (iv) Alum [H.S.(T] ^83], (v) Aluminium sulphate. 
6. State giving equations of the reactions what happens when— 
(i) A mixture of ferric oxide and Al powder is heated strongly. Ins “911 ,'81] 
fii) N gas is passed over heated Al and the product is reacted with water. [WBHS. '93] 
(iii) Al is burnt in air and the product is heated with water, was. '93] 
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iv) Excess caustic soda solution is slowly added to a solution of aluminium sulphate solution. [WBHS. “86] 
(v) A mixture of Al powder and coke is heated at high temperature and a stream of dry Cl, is passed over 


it. [WBHS. '87] 
(vi) A mixture of Al powder and coke is heated at high temperature and the product is boiled with water, ' 

[WBHS. '79] 

(vii) NaOH solution is slowly added to an aqueous solution of aluminium salt. [WBHS. '79] 

(viii) Hydrated aluminium chloride is heated strongly. [WBHS. '92; WBJEE '93]: 


(ix) Sodium nitrate solution is added to Al powder and NaOH solution and the mixture is heated, 
[WBHS. '85, '91] 


(x) Al powder is boiled with excess caustic soda solution and the solution so obtained is boiled again with 
excess of NH,Cl solution. [WBJEE. '79; H.S. (Т) '82] 


(xi) Excess of NH,Cl (solid) is added to a mixture of AICI; and MgCl; solution and then NH,OH is added to 
the mixture, 

(xii) Al powder is added to CuSO, solution. [WBHS. '83] 

(xiii) Aluminium nitrate is heated strongly. 1 

(xiv) Al powder is added to FeCl; solution. 

(xv) Ма;СО; solution is added to an aqueous solution of AICI;. 

(xvi) Ма;СО, solution is added to FeCl, solution. 

(xvii) Al powder is added to a mixture of NaNO, and NaOH and the mixture is heated. 

(xviii) Excess of NaOH solution is added slowly to an aqueous solution of Al(NOs)s. 

(xix) Na;CO; is added to a solution of Al;(SO,)3. 

(xx) Excess NaOH solution is added to an aqueous solution of alum. 


(xxi) 2 drops of Co(NOs)2 soln, is added to А/О; on a charcoal groove and the mixture is heated on oxidisin 
flame. ў [WBJE 94) 


(xxii) KiSO, and AL(SO,); are allowed to crystallise from an acidic solution simultaneously. [WBJEE '85] 


7. State the principle of Goldschimdt’s Thermit process. Name the metals which can be extracted by this 


process. [WBJEE '87] 
8. Explain why— : 
(i) Al is stronger reducing agent than Fe. [WBJEE '80] 

9 g og 


(ii) When NaOH is added to AICI; solution, at firsta white precipitate is obtained which dissolves on addition 
of excess of NaOH. 

(iii), Al (CO); is not precipitated when Ма;СОз or NaHCO; is added to Al;(SO,); solution. 

(iv) Aluminium can not be extracted by C-reduction. [WBJE ’97] 

(v) Aluminium does not occur in free state in nature. 

(vi) Nitric acid can be kept in a container made of aluminium. 

(vii) Anhydrous АІСІз is not obtained by heating hydrated aluminium chloride. [WBHS '89] 

(viii) Pure alumina is prepared by purifying bauxite before the electrolytic reduction of alumina. 

(ix) Cryolite and fluospar are added to pure alumina before its electrolytic reduction. 

(x) Fe;O; is a basic oxide while АО; is an amphoteric oxide. 

(xi) When Na;CO; is added to an aqueous solution of an aluminium salt, instead of aluminium carbonate 
aluminium hydroxide is precipitated. 

(xii) Metallic Al is not liberated at the cathode when an acidified solution of AICI; is electrolysed. 

(xiii) Aluminium sulphide is not precipitated when H;S is passed through an aqueous solution of Al salts. 

(xiv) Aluminium can not be extracted from alumina by carbon reduction process. - [WBHS. 93, “94, ‘96] 

(xv) The aqueous solution of AICI is acidic. 

(xvi) Anhydrous AlCl is volatile and soluble in organic solvent. 

(xvii) NH; is liberated when NaNO; is added to NaOH solution and.Al powder. 

(xviii) In minor cuts during shaving we use common alum to stop bleeding. 

(xix) Aluminium is a good reducing agent. 

(xx) Aluminium becomes passive to conc. HNOs. 
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(xxi) In the electrolytic manufacture of aluminium, carbon anodes consumed. 

(xxii) Alum is used for settling muddy water, i x: s 

(xxiii) Aluminium halides are Lewis acids. 

(xxiv) Molten aluminium chloride is a poor conductor of electricity, 

(xxv) Aluminium can not be prepared by the electrolysis of the aqueous solution of Ab[SO,);. 

(xvi) Aluminium is stable in air and water. What is calorising ? 

(xxvii) Boron trichloride exists as monomer but aluminium chloride exists as dimer, 

(xxviii) Aluminium can not be extracted by the electrolysis of alumina alone, 

(xxix) From red bauxite, pure alumina is produced by Bayer's process and not by Serpeck's process. 
(xxx) АКОН) and Fe(OH), con be separated by using NaOH solution. 


(xxi) When the aqueous solution of ZnSO, is el inc is liberated at the cathode, but alumini 
is not liberated when aqueous solution of Al{SO,)s isa za isi е ut aluminium 


це Alumina with опе drop of cobalt nitrate solution on being heated in oxidising flame leaves a blue 
residue. 
(xxxiii) No visible reaction occurs when aluminium is left in contact with conc HNO, [MLNR "91] 
(xxxiv) The hydroxides of aluminium and iron are insoluble in water. However NaOH is used to separate one 
from the other. ILLT. 91) 
9. (a) How would you prepare anhydrous AICI; starting from (i) scrap aluminium (ii) Al,O,? 
(b) Describe the process of purification of bauxite. (А.Т. 76, WBHS '86] 
10. Describe alumino thermic process. [WBHS. ’87]. What is thermit mixture? isa mixture of BaO; and 
КОО; kept on the thermit mixture? Give the equations of the reaction involved in it. What property of aluminium 
is proved by the reaction of thermit mixture? Mention the uses of thermit process. 
11. (a) By which process pure alumina is produced when bauxite is rich in silica, Give a description of the 
process. 
(b) During the electrolytic reduction of alumina mention the substances which are used—which one is 
consumed ? 
12. How does aluminium react with the following— (i) air, (ii) НСІ, (iii) H3SO,, (iv) Caustic soda, (у) Ferric 
oxide, (vi) Silver nitrate, (vii) Lead nitrate, viii) Caustic potash. 
13. (i) State the uses of aluminium. 
(ii) Name the constituents of the following alloys with their uses (i) Duralumin (ii) Al bronze (iii) Magnelium 
{iv) Bell metal. 
(iii) How would you identify Al or Al** ion? Describe one dry test andione wet fest. + 
14. How would you prove that — Е 
(a) Aluminium nitrate contains №, (b) aluminium sulphate contains S, (c) magnelium alloy contains Al and 
Mg, (d) aluminium chloride contains Cl. 
15. Identify A, B, C and D in the following reactions . haat 
Bauxite + Charcoal + Chlorine | ——————9 A+CO 
А+ЊО = B«Hd 
B+H,SO, == C+ HO 
B+ NaOH == 0+H,0. IWBHS. '92] 
[Ans. A = anhydrous АКЪ, В = АҢОН), C = Ab(SOJ,, D = NoAlO;] 
16. State with equations what happens when the compounds are strongly heated in air. 
(a) АІСЬ, SEO (bJ ANNO): ^ (АО 
17. Identify A, B, C, D, E and F in the following reactions : electrolysis 5 
Bauxite + cryolite + Cof; puc ы, АП 
ARD PB T 
B + НО (steam) —9 C+D 
C + HCl —> E+HO 
C + KOH (excess) — F + HO 
[Ans. (A) = Al, (8) = AIN, (C) АЙОНЬ, (D) NH, (Eje AICI, (F) = KAIO,] 
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18. Write down the equations for reactions by which the following conversions can be realised : ` 
АҢОНЬ ج‎ ALO: > Al > АС; 4 AP 


AIN — AOH); + NH; Т А50) 
19. How would you prepare the following compounds ? 


(i) Anhydrous AlCl from alumina [WBJE '97] [L..T. '79] 
(ii) Anhydrous AICI from hydrated AlCl, 
(iii) Alumina from aluminium. [I.1. T. 283] 


(у) Potash alum from potash shale. 
(v) Hydrated А\С\з and АҢМО›)з from А50.) 
(vi) Alumina from aluminium sulphate. 
(vii) Alum from bauxite. [H. S. '92] 
20. Complete and balance the equations : 
lo) Al.Co + њо э (9) Аһ5з + HO > 


(b) AIN + HO > (е) FeO; + Al + 
(с) АҺОз+ С+ № - (f) АО + Na2CO3 > 
21. Identify A and B in the following reaction : [Roorki '89] 
(a) Colemenite + А > Na;8,O7 (6) Мо ВО, + B > HBO, [Ans. А = No;CO;, B = HCl] 
22. Match the column : 
(а) Colemanite (i) BaN;Hs 
(b) Borax (ii) NosAlFs 
(с) Inorganic benzene (iii) Na;B4O;, 1090 
(d) Cryolite (iv) Al, Cu, Mg, Mn 
le) Duralumin (v) СоВ:Оп, 5H;O 


23. Aluminium sulphide gives Ihe foul odour when it becomes damped. Write a balanced chemical equation 
for the reaction. [ЫТ /97] 
@ Objective type questions : 
Among the various alternatives given below each sub-questons, choose the correct опе = 
1. In the electrolysis of alumina, cryolite is added to alumina to 
(a) Lower the m.p. of alumina, (b) increase ће electrical conductivity, (c) minimise the anode effect (d) remove 


impurities from alumina. [Ans. (Ы [I 1. T. '86] 
2. Red bauxite (bauxite containing Fe os—impurity) is purified by 
(a) Bayer's process, (b) Electrolytic process, (с) Hoop's process, (d) Serpeck's process. (Ап. lol] 


3. Anhydrous AlCl is prepared from alumina by ә 

(а) heating Al;/Os with conc. HCl, (b) passing dry Cl; over AkO», (c) heating Al2O3 with rock salt 
(d) mixing it with coke and heating the mixture in a current of dry chlorine. [Ans. (dii 

4. Alis dissolved in the least ‘amount of aqueous KOH. The solution so obtained is just neutralised with Н›5О, 
and then allowed to stand to give the crystals of 

(o) Al{SO.l, (b) KeSO4_(e)K:SOx ond АЩ$ОД> (d potash clum. (Ans. (dl 

5. Which of the following statements regarding anhydrous AlCl; is correct ? 

(a) It exists as AlCl molecule, (b) it is not easily hydrolysed, (c) it sublimes at 100°C under vacuum, (d) itis 
о Lewis base. [Ans. (dl 

6. In the Alumino thermit process Al acts as 4 

(a) an oxidising agent, (b) a flux, (с) a reducing agent, (d) a solder. [Ans. (c)) Il i 1.831 


| 


e 
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7. Anhydrous AICI; fumes in moist air because of 
] (a) hydration, . (6) hydrolysis, (c) dehydration, (d) oxidation. [Ans. (b)] 
8. In the electrolysis of alumina during the manufacture of aluminium 
(a) Al,O3 undergoes dissociation, (b) AIF undergoes dissociation, (с) Al;O; and AIF; both undergo 
dissociation, (d) neither of the two undergoes dissociation. [Ans. (b)] 
9. Duralumin is an alloy of 
(a) Al and Mg, (b) Al, Mg and Ni, (с) Al, Mg, Mn and Cu, (d) Al and Ni. [Ans. (c]] 
10. Which of the following statements is not correct # 
(a) Al forms only ionic compounds, (Б) Al utensils are used commonly, (с) Al is one of the best conductor 
of electricity, (d) Al is a light metal of high tensile strength. - ` [Ans. (a)] 
11. The major role of fluorspar (CaF2) which isadded in small quantities in he electrolytic reduction of alumina 
dissolved in fused cryolite [NasAIF,] is, 
(a) as a catalyst, (b) to make the fused mixture very conducting, (c) to lower the temperature ofthe melt, 


(d) to decrease the rate of oxidation of carbon at the anode. [Ans. (c]] 
12. Which of the following alloys contains Al end Cu? 


(a) Bronze, (b) Bell metal, (c) Duralumin, (d) Magnelium. [Ans. (с)] 


Й 


EN 
5.1. Elements of Group IV A. 


The elements Carbon, Silicon, Germanium, Tin and Lead belong to Group IV of the 
periodic table. C and Si are non metals, Sn and Pb are typical metals while Ge is metalloid, 
While moving from top to bottom of the group, striking discontinuity in the general properties 
of these elements are noticed inspite of their similar outermost electronic configurations. The 
electronic configurations of the elements are given below — 

«C = Is? 25 2p,! 2p/ 

м51 = [Ne] 3s? 3p,! 3p,! 

зубе = [Ar] 3d"? 4524р, 4p,! 

soSn = [Kr] 4 d!° 5s? 5p,! Sp,! 

s2Pb = [Xe] 47/* Sd’? 6s? 6p,! 6р! 

Some of the physical properties of these elements are tabulated below — 
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Atomic weight j 

(2) Density 3.52 (diamond) 5.77 (grey) | 11.39 
2.25 (graphite) '7.29 (white) 

(3) m. p. (°C) 3500 232 327.4 
(4) Atomic radii (A) 0.77 1.4 1.46 
(5) Electro-negativity 2.5 1.8 1.8 
(6) lonisation 1086 (1st) 707 715 

potential k J/mole | 2359 (2nd) 1409 | 1447 
(7) Oxidation Number +4 42,44 +2, 44 


(1) Allotropic modification : All the elements of this group are solid having different 
colours e.g., carbon is black, Si is light brown, Ge is grey and both tin and Pb are sil very white. 
Except lead all the elements exhibit allotropic modification. 

(2) Atomic and ionic radii : Both the atomic and ionic radii of the elements increase as 
moving down the group. This is due to addition of principal quantum shell. The increase of size 
decreases down the group which is due to the poor screening effect of 3d and 4d orbital coupled 
with increased nuclear charge. E 

(3) Melting and boiling points : The т. p. and b.p. of these elements decrease down the 
group. Carbon has the highest m. p. Decrease of m. p. shows that the strength of binding in the 
solid state of these elements decreases with the increase of radius, since smaller atoms are more 
closely packed and require larger amount of energy to overcome the lattice energy in the solid 
state. The hightest Б.р. of carbon is due to the strongest three dimensional covalent bonding in 
their solid state. Low m. p. of tin and lead is due to weak metal-metal bond as the size of the 
atom increases. 

(4) Ionisation energy : Іопіѕайоп energy decreases from C to Sn but after that irregularity 
is observed which is due to the poor screening effect of d and f orbitals. The second ionisation 
potential of these elements is very high which prevents.the formation of M** ion, hence simple 
ionic compounds of these elements are rare . However, the compounds of highly electro- 
negative fluorine and oxygen are ionic e.g., SnF;, SnO;, PbF;, PbO; etc., are ionic. 
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(5) Tendency to form chains (Catenation) : Catenation is the tendency of an element to 
form long chain of identical atoms. This tendency depends upon the small size, high electro- 
negativity and bond dissociation energy. Thus carbon atom with smallest size, high electro- 
negativity and highest (C—C) single bond energy exhibits maximum catenation. With the 
decrease of bond dissociation energy the tendency of catenation decreases. Thus Si exhibits 
catenation but with lesser extent and Ge shows still lesser. Sn and Pb do not exhibit catenation 
at all. The single bond energies of group IV B elements are as follows — 


Bond energy {k J mole!) 


Catenation tendency 


С 
91—51 
Ge—Ge 
Sn—Sn 
Pb—Pb 


(6) Oxidation states : The valency shell configurations of these elements are ns? пр?. 
Hence all of them are uniformly tetravalent—they can loose or gain 4 electrons to have the inert 
gas configuration i.e., theoretically they can form M** or M* ions. But due to their high 
ionisation energies these elements do not form stable M** ions. Moreover, due to their low 
electro-negativities they do not exhibit much tendency to form M* ions by gaining electrons. 
However, carbon forms negative ions C7 as in CaC;, which can be represented as Ca C37. 
Hence these elements, specially C and Si form covalent bonds through sp? hybridisation. 
Thus bondings in compounds like CH4, SiH4, PbCI, are predominantly covalent using sp? 
hybridisation. On moving downwards the group, the stability of +4 oxidation state decreases 
and +2 oxidation increases. Thus Ge, Sn, Pb form M?* ions and аге more stable in this state. The 
stability of bivalent heavier species is due to the inert pair effect which is normally observed 
in heavier elements. 

Thus we can conclude that elements of Group IV. exhibit oxidation states of +4 and «2 . In 
+4 oxidation state the compounds are covalent and in +2 oxidation state the compounds are 
ionic. This is in accordance with the Fajan's rule—'smaller the cation the greater is the 
covalent character in its compounds.' M* ion is smaller than M?* ion, consequently 
compounds formed by M** ions are covalent and those formed by M?* are ionic. 


(7) Complex formation : Carbon does not have any d orbital and its maximum covalency 
is 4, and so it can not expand its octet and consequently carbon is unable to form any complex. 
However, CCl, reacts with O-phenylene bis dimethyl arsine (diars) which is an unstable 
complex of carbon. 

AS(CH3); 
ССІ, + 2 (diars) [C(diars);]Cl, 
As(CH3); 


diars н 
Тһе availability of d orbital in Si, Sn, Ge, and Pb helps in the formation of 6 co-ordinated 
complexes. They form complex by accepting electrons in the vacant d orbitals from atóms or 
ions having lone pairs of electrons e.g., 
SIF,  2F-  [SIF;]?- $пС + 2CI- > [SnClg]?- 
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All the above complexes are octahedral. The central element uses sp?d? hybrid orbitals. 4 
co-valent and 2 coordinate bonds are formed in accordance with valence bond theory. Thus the 
electronic configuration of [SnCl¢]?- is as follows — 

5s 5p Sd 
sa coperte calf Baca lt aid 


electronic configuration of Sn in the ground state 
The electronic configuration of Sn in sp’? hybridisation state is as follows — 
spe) = 300 CLO 
5s 5р, Spy 5p, Sd 5d 54 
spe 


Four СІ atoms supply 4 electrons to form 4 covalent bonds while two CI- donate a pair of 
electrons each to form two coordinate bonds. 


The shape of [SnCl,]? is as follows— 
CC Ci c. cd 5d 


CI 
spd? The shape of [SnCl,}*- 


• [Fullerene : The most recently discovered isotope of carbon (C-60] is called Fullerene. It has a perfect 
spherical shape with icosahedral symmetry. The source of this isotope is graphite which is evaporated by plasma 
ae me in an ane ae of He or Ar. C—60 is extractd by organic solvent like benzene, toluene as it is soluble 
in solvents, 


e TIN e 
Symbol—5n. ^ AtNo-50 А.м. = 118.7 Electronic configuration— [Kr] 4010552 5p? 
Oxidation states 42, + 4. МР. = 232°С Electro-negativity = 1.8 


5.2. Occurrence of Tin. 
Tin occurs rarely in the free state in nature. The most important ore of the metal is cassiterite 
or tin stone, (SnO;). It occurs in Malaysia, Myanmar, Bolivia and at Cornwell in UK. 


5.3. Extraction of metallic tin. i 

Cassiterite contains |—5% of tin dioxide which is contaminated with sand, earthly matters, 
pyrites of copper and iron and wolframite (FeWO,). 

The metallurgy of tin consists of six operations—(i) concentration, (ii) roasting, 
(iii) washing with water, (iv) electro-magnetic separation, (v) carbon reduction and finally 
(vi) refining. É 

(i) Concentration : The tin ore is crushed to powder and the finely crushed ore is 
concentrated by washing with a stream of water over tables. The light silicious earthly matters 
are washed and carried away by the current of water leaving behind the heavy minerals which 
are dried. 

(ii) Roasting : The impure ore thus obtained is further crushed to fine powder andis roasted 
in an inclined revolving furnace in presence of air. During roasting, (a) the sulphur and arsenic 
present in the ore are volatilised away in the form of their oxides. (b) Iron and copper present 
in the ore are converted into their oxides and sulphates. 
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(iii) Washing : In this operation, the roasted ore is washed with hot water whereby the 
sulphates of Cu and Fe are dissolved. The ore at this stage mainly contains the oxides of tin 
and iron along with wolframite (FeWO,). The ore after washing, is subjected to electro- 
magnetic separation. 

(iv) Electro-magnetic separation : In 
this operation, the washed and finely 
divided ore is carried by a travelling belt 
over a magnetic roller. When the belt takes 
a turn near the magnet, the magnetic par- 
ticles i.e., iron and wolframite are pulled 
towards the magnetic roller on dropping 
from the belt while the non-magnetic tin Magnetic particles 
stone falls away from the roller and thus NBC 
separated from the iron and wolframite. The Non-magnetic particles 
final concentrated ore contains about 75% 


of SnO, and is called black tin. Fig. 5:1 : Elechro-mogneti¢ xepatefion 


(v) Carbon reduction : The black tin thus obtained is further crushed and mixed with 
anthracite coke and some lime stone and the mixture is heated on the hearth of a reverberatory 
furnace, at 1200°C—1300°C, when $пО; is reduced by coke to produce metallic tin, 

T SnO, + 2С = Sn + 2CO î 

The molten tin is run out of the furnace and casts into ingots. This tin is about 99% pure. 
The upper layer of the slag contains about 10—20% Sn. This is smelted with coke and lime 
stone in a blast furnace for the recovery of the metal. 

sre + СаО + С = Sn + CaSiO; + CO 
si 

(vi) Refining : The crude tin is refined by liquation or sweating process. In this process 
the ingots of crude tin are heated on the sloping hearth of a reverberatory furnace. Tin melts (m.p 
231.8°С) and flows down leaving behind iron, copper oxides and tungsten. Tin is again melted 
and the molten material is stirred with poles of green wood. The impurities of iron and Cu are 
reduced by coke and floats on the surface as a scum which is separated. Tin thus obtained is 
99.5% pure. 

Tin may be refined electrolytically. The electrolyte used is an acid bath of SnSO,. It is 
electrolysed by usingpure tin as cathode and impure tin as anode. Pure tin is deposited at the 
cathode which is 99.98% pure. 

ө Recovery of tin from scrap tin plates : 

A considerable amount of tin is recovered from scrap tin plates. The scrap tin plates, 
completely free from grease and moisture are taken in an iron cylinder and dry chlorine gas is 
passed into the cylinder, when tin reacts with Cl, to form SnCl,. Now SnCl, being liquid, is 
volatilised away and is condensed. This is boiled with water to form insoluble SnO, which is 
filtered off and is reduced by coke by usual process to form tin. 

SnCl, + 2H;0 = SnO, + 4HCI 
SnO; + 2C = Sn + 2CO T 


5.4. Properties of Tin. 

[A] Physical : 

(1) Tin is a soft, crystalline, easily fusable, silvery white metal which is stable between 
18°C_—161°C. A rod of tin emits a cracking sound when bent. This is known as cry of tin. 
Mechanical twisting of tin crystals is the possible reason of this phenomenon. 
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(2) Tin exists in three allotropic forms. (a) White tin ( B tin) is the ordinary tin and of most 
stable form. It crystallises in tetragonal crystals. 


13.2°C 161°C 232°C 
Grey іп == White tin =  Rhombic tin = liquid tin 
(actin) (B-tin) (y-tin) 
Density 4 5.74 g/cc 7.29 g/cc 6.56 g/cc 


(b) White tin on being cooled passes into the grey tin (a-tin) which crystallises in the cubic 


system (diamond like structure). This conversion occurs at 13.2°C. The conversion iş 


accompanied by an increase in volume and as a result the grey tin becomes brittle and easily 
crumbles down to powder. This explains why the organ pipes and other tin articles crumble 
down to fine powder in severe cold. This phenomenon is called tin disease or tin pest or tin 
plague. l 
(c) White tin on being heated beyond 161°C, its crystalline structure changes to rhombic 
form (y-tin). It is stable between 161°C—232°C. 
[B] Chemical : 
(1) Action of air or O; + When heated to 1500°C in presence of air or О; it burns witha 
bright flame forming stannic oxide . ugs 
Sn + О ———» SnO; 
(2) Action on sulphur and chlorine : On being heated in chlorine or with sulphur, tin 
forms stannic chloride and stannic sulphide respectively. 
~ Sn + 2Cb = SnCl,; Sn + 2S = SnS; 
(3) Action on water : Tin is unattacked by water at ordinary temperature but at high 
temperature metallic tin decomposes steam with the liberation of H;. 
3 r Sn +2Н›О = SnO; + 2H; 
(4) Action on acids : (a) lt is slowly attacked by dil HCl but liberates H with hot and conc. 
HCI with the formation of stannous chloride. 
Sn + 2HCI = SnCl, + Н; 
(b) Tin liberates SO; on being heated with conc. HSO; with the formation of stannic 
sulphate. 
Sn + 4H;SO, = Sn(SO;); + 250, + 4H;O 
(c) Cold and dil HNO; reacts with tin to form МНМО). 
4Sn + ТОНМО, = 4Sn(NO;); + NH,NO; + 3H.O 
With hot and conc HNO, a vigorous reaction takes place with the formation of a white 
precipitate of meta stannic acid and evolution of brown fumes of NO». 
55п + 20HNO; = Н,5п;0,, 4H;O + 20NO, + 5H;O 
meta stannic acid 
Meta stannic acid on heating decomposes to $пО;. 
: H;Sn:0,,,4H;O = 5SnO; + 5H;O 
(d) Tin has no action on organic acids and so tin plated iron containers are used for the 
preservation of citrous fruits and prickles. 
(5) Action on alkali : Tin dissolves in hot and concentrated alkali to liberate hydrogen and 


stagnate salt Sn + 2NaOH + H,O = Na;SnO; + 2H; 
stannate 
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(6) Tin is precipitated from its salt solution by stronger reducing agents like Zn, Fe, Al etc., since 
their standard reduction potential is more negative. 
[Еу == 0.14V, Е. = —0.76V, Erai = =1.66V] 
Hence, when a piece of Zn rod is placed in a solution of SnCl; a bright crystalline 'tree of 
tin' is formed on the surface of Zn rod. 
Zn + SnCl = Sn + ZnCl, ; Fe + SnCl; = Sn 4 + FeCl, 


5.5. Uses of Tin. 


(i) Due to its resistance to the action of air and moisture, tin is extensively used for 
protecting iron against rusting by tin plating (see Chapter 4) 

(ii) Tinning—Copper and iron utensils are first cleaned with sand and then heated with 
ammonium chloride. It being acidic in nature, removes the oxide films from the utensils. 
Metallic tin is then rubbed over the hot surface and then polished until a uniform layer of tin 
is formed on the surface of the utensils. 


(iii) Tin foils are widely used in wrapping cigerettes, confectionary etc. 
(iv) A mixture of tin and conc. НСІ is used as a reducing agent in organic chemistry. 
(v) Tin forms a number of alloys—the names, compositions and uses are given in the table. 


Pewter РЬ = 20, $n = 80 Utensils 
(2) Solder Pb = 50, Sn = 50 Soldering 
(3) Type metal Pb = 75, Sn = 5, Sb = 20 Printing type 
(4) Bell metal Cu = 80, Sn = 20 Bells and gongs 
(5) Babbit metal Sn = 90, Sb = 7, Cu =3 Bearings of machinery 


Tin amalgam is used for making mirror. 


5.6. Compounds of Tin. 


Tin exhibits two valencies—2 and 4 corresponding to stannous and stannic compounds. 
Stannous compounds are easily oxidised to stannic state and therefore behaves as a strong 


reducing agent. Sn*-2e e 

In accordance with Fajan's rule, stannic compounds are covalent while stannous are ionic. 
Simple stannic ion Sn** does not exist. Both the bivalent and tetravalent tin compounds form 
complex anions of the type. 

SnOz7, SnO;^, SnCl¢~, SnS;^, SnS;- etc. 

(1) Stannous oxide— (Tin (II) oxide [SnO] : 

[A] Preparation : (a) Stannous oxide is obtained by heating crystals of stannous oxalate 
out of contact with air. SnC;0, = SnO 4- CO + CO; 

(b) It is also obtained by heating stannous hydroxide in absence of water. Sn(OH); is 
formed as a white precipitate when calculated quantity of alkali is added to stannous chloride 
шшш 5пС1, + 2KOH =2КС1 + Sn(OH); 

Sn(OH); = SnO + НО 

[B] Properties : Stannous oxide is a dark grey powder, insoluble in water but is soluble 
is acids. ; 

(i) Dry SnO is readily oxidised and when exposed to air, it changes into white stannic oxide. 

2SnO + О, = 28n0; 


CH-11/29 
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(ii) Itis amphoteric in nature and thus dissolves both in acids and alkalies to form stannous 
salts and stannites respectively. The latter is powerful reducing agent. 
SnO + H,SO, = SnSO, + H20; SnO + 2НСІ = SnCl, + Н.О 
SnO + 2NaOH = Na;SnO, + HO 
sod. stannite 
Sodium stannite is a powerful reducing agent. A finely divided black metallic bismuth 
results when a bismuth salt is added to NaSnO: solution. 
2Bi(NO;); + 6NaOH + 3Na;SnO; = 2Bi + 6NaNO; + 3Na;SnO; + 3H;O 
(iii) When boiled with very concentrated solution of alkali, it is converted into a stannate 


and spongy tin. 
2SnO + 2КОН = K;SnO. + Sn + HO 
stannate 
(2) Stannous chloride—Tin(I]) chloride [SnCL,2H;0] : 
[A] Preparation : (a) Tin foil or grannulated tin dissolves е in сопс. НСІ to liberate 
Н, with the formation of stannous chloride. i 
Sn + 2HCI = SnCl; + Н, 
Onevaporation, the saltcrystallises out and forms hydrated stannous chloride (SnCl;, 2H20), 
This is known as fin salt. ( 
(b) Since the hydrated stannous chloride on heating gives off НСІ, steam and SnO, 
anhydrous stannous chloride can not be obtained by heating the salt directly. 
SnCLb, 2H20 = Ѕп(ОН)СІ + НСІ + HO; ` Ѕп(ОН)СІ = SnO + НСІ 
Anhydrous stannous chloride is obtained by heating tin or hydrated stannous chloride i in 
a current of dry hydrogen chloride. і 
Sn + 2HCI = SnCl, + H; 
[B] Properties : Stannous chloride is a colourless, crystalline solid soluble in water, ether. | 
and alcohol. It absorbs oxygen from air. i 
(i) With excèss water, it undergoes hydrolysis giving a white precipitate of stannous ` 


онт. SACI;  H;O = Sn(OH)CI + НСІ | 
When a clear aqueous solution of SnCl, is exposed to air the same turbidity appears dueto: d 


UA d 6SnCl; + 2H20 + О; = 2SnCl,  4Sn(OH)CI 1 
This explain why a piece of metallic tin is always added to preserve a solution of SnCl;. The 
metallic tin reduces SnCl, and prevents the oxidation of SnCl;. 
SnCly + Sn = 2SnCl, 
(ii) In strong НСІ medium it forms chloro stannous acids H;SnCl, and HSnCl;. 
SnCl, + 2НС1 = H2SnCl, ; SnCl; + НСІ = HSnCl; 
(iii) Stannous chloride is a powerful reducing agent. 


2FeCl; + SnCl, = 2FeCl, + SnCl, ; 2CuCl, + SnCl = 2CuCl + SnCl, 
white ppt 


CsHsNO, + 7HCI + 3SnCl = CsHsNH2.HCI + 3SnCl, + 2H;O 
aniline hydrochloride 
K,Cr,0; + 14НС1 + 3SnCl; = 3SnCl, + 2KCI + 228, + 79,0 
Orange 
2HgCl, + SnCl; = SnCl, + Hg2Ch 1; Hg;Cl, + SnCl; = SnCl, + CHE L 
White ppt Grey ppt 
(iv) Itreadily combines with iodine to form SnCljl,[ — the reaction is used in the iodimetric 


estimation of tin. 
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Structure : Anhydrous SnCl, is an angular covalent molecule, Sn is in зр? state, the bond 
angle being 95°. It possesses dipole moment. У 


[C] Uses : Stannous chloride is used asa Strong reducing agent in organic chemistry for the 
reduction of nitro, azo and diazo compounds. It is an useful mordant in dyeing industry. 
(3) Stannous sulphide (SnS) : 
[A] Preparation : (a) When Н›$ gas is passed into acidified solution of SnCl; a brown 
precipitate of SnS is formed. 
SnCl; + HS = SnS + 2HCI 


(b) It is also obtained as a grey crystalline mass on heating finely powdered tin with sulphur 


pes Sn- S = 5п$ 

[B] Properties : (i) It is a chocolate brown solid, insoluble in water but dissolves in acids 
giving rise to H;S gas. It is insoluble in alkalis. 

SnS + 2HCI = SnCl, + H;S 

(ii) It dissolves in yellow ammonium sulphide to form ammonium thio stannate from which 

dil НСІ precipitates yellow stannic sulphide. 
SnS + (NH4);S; = (NH4); SnS3 
(NH), SnS; + 2HCI = 2NH,Cl + H;S + SnS; 4 
Ammonium sulphide (ammonium polysulphide) oxidises SnS to SnS;. 


(4) Stannic oxide (SnO;) : 

It occurs in nature as cassiterite or tin stone. 

[A] Preparation : (a) Stannic oxide is produced when tin is strongly heated in air. 

Sn + О, = SnO; 

(b) It is also formed by treating tin with cone, HNO; of sp. gr. 1.25 and then igniting the 

produced metastannic acid. 
5Sn + 20HNO; = Н,5п;0,4Н,0 + 20NO, + 5H;O 
H)SnsO),, 4Н;О = 5SnO, + 5Н;О 
metastannic acid 

[B] Properties : (i) It is white powder insoluble in water and in all acids. Ignited SnO; is 
insoluble in aqua regia. It dissolves in hot and concentrated H.SO, with the formation of 
unstable stannic sulphate. 

SnO; + 29,50; = Sn(SO,)2 + 2H;0 

(ii) Being amphoteric but more of acid characteristic (higher oxidation number), it reacts 

with fused NaOH or KOH to form soluble stannates. 
SnO; + 2NaOH = Na;SnO; + H;O 

(iii) In qualitative inorganic analysis, the insoluble stannic oxide is brought into solution 

by fusion with sulphur powder and fusion mixture. 
SnO, + 45 + 2Na,CO, = Na;SnS; + Na;SO; + 2CO; 

[C] Uses : Tin dioxide is known in industry as putty powder which is used for polishing 

purpose. It is also used in making opaque white enamels, milky glasses and white glazes for tiles. 
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(5) Stannic Acid : 

[A] Preparation : Hydrated stannic oxide exists in two forms known a ocstannic acid 
H.SnO, and -stannic acid, commonly known as meta stannic acid H;$n5O |, 4Н:0. astannic 
acid is formed (i) as a white gelatenous precipitate when NH,OH is added to stannic chloride 
solution. 

SPUR SnCl, + АМНОН = 4NH;CI + HO + H;SnO; 

(ii) Any stannate solution when acidified with dil HCI, a white ppt of a-stannic acid is 

btained. 

ks Na;SnO; + 2HCI = 2NaCI + H;$n0; 

Some authors prefer to describe it as ortho-stannic acid. 

Qcstannic acid is soluble in dil HCl and slowly deposits stannic acid on standing. It is more 
basic than B-stannic acid. 

f-stannic acid is obtained when tin is warmed with HNO; of sp gr. 1.5. Û stannic acid is 
soluble in NaOH or KOH to form corresponding B-stannate. But when f-stannic acid is fused 
with KOH, a-stannate is formed. The formula of the f stannic acid or meta stannic acid is 
H:Sn;O,;, 4H;O and that of corresponding sodium salt is Na;SnsOi;, 4H;0. 

(6) Stannic Sulphide (SnS;)—Sn(IV) sulphide : 

[A] Preparation : It is prepared by passing HS into an acidified solution of SnCl,, when 
a yellow ppt of SnS; is obtained. 

SnCl, + 2H;S = SnS; + 4HCI 


This becomes black as soon as the precipitate is dried. It is impure 515; consisting of a 
mixture of SnO; and SnS;. 


[B] Properties : SnS; is insoluble in all acids even in aqua regia, but it is soluble in caustic 
alkali to form mixture of thio stannate and stannate. 
3SnS; + 6NaOH = 2Na;SnS; + Na;SnO; + 3H;O 
Na,SnO; + 2Na;Sn$; + 6НСІ = 3515; + 6NaCI + 3H20 


It is also soluble in yellow ammonium sulphide solution to form ammonium thio stannate, 
On adding dil НСІ, yellow $п$; is re-precipitated from the solution. 


SnS; + (NH,)2S = (МН,)›5п5› 
(NH,),SnS, + 2НС1 = SnS + 2NH,CI + HS 

€ Mosaic gold : Pure crystalline, golden yellow shining coloured stannic sulphide is 
known as mosaic gold which is used for cheap gilding. It is obtained Ру heating tin amalgam, 
sulphur and ammonium chloride in a retort. , 

Sn + 4NH,CI = (NH);SnCl, + 2NH; + H2 
2(NH,)2SnCl, + 2S = SnS; + 2NH,Cl + (NH,)2SnClo 

(7) Stannic chloride, Sn (IV) chloride (SnCl;) : 

[A] Preparation : (i) When dry chlorine gas is passed over molten tin taken in a distilling 
flask, tin reacts with chlorine to form a colourless, strongly fuming liquid SnCl, which distills 
over and collects in the receiver. 1 

Sn + 2Cl; = SnCh, 


(ii) SnCl, is formed when a mixture of powdered tin and excess HgCl is distilled. 
2HgCl, + Sn = 2Hg + SnCl, 
(iii) SnCl, is also formed by dissolving tin in aqua regia. 
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[В] Properties : (i) Stannic chloride is a heavy colourless liquid of 5р. gr. 2.28 which 
boils at 114°C. It dissolves both in water and in organic solvents. It has zero dipole moment, 
electrical conductivity is negligible. АП these properties show that it is a typical covalent 
molecule (Fajan's rule). 

(ii) It fumes in air due to hydrolysis evolving fumes of HCI. 

SnCl, + 290 == SnO, + 4HCI 

(iii) It produces hissing sound when it is dropped into water to form hydrated salts— 
SnCl4.3H20, SnCl,.5H20 and SnCl,.8H;0. Жз 

(iv) A dilute solution of SnCI, in water undergoes hydrolysis giving first white ppt of basic 
stannic chloride and finally hydrated stannic hydroxide in the colloidal form. 

SnCl, + H;O = Sn(OH)CI, + НСІ 
Sn(OH)CI, + 3Н›О = Sn(OH), +3НС1 
: (v) With HCI it forms chloro stannic acid which on crystallisation forms H»(SnCl,), 6H20, 


9.2% 
и 2НС1 + ЅпСі, = HXSnClj) 

With ammonium chloride it forms ammonium chloro stannate— а colourless octahedral 
crystalline compound. 

[C] Uses : The pentahydrate, SnCl;, 5H;O is known as butter of tin or oxymuriate of tin 
and is used as a mordant. Ammonium chloro stannate (NH4)SnCl;) is known as pink salt and 
is used in calico printing. 

5.7. Detection of Tin. 

[A] Dry tests : 

(1) A mixture of a tin compound, Na;CO; and KCN on being heated on a charcoal block 
yields white and malleable scattered beads which do not mark paper. The bead is allowed to 
react with hot and conc. HNO; when a white mass of meta stannic acid results. 

SnO; + 2KCN = Sn + 2KCNO 

(2) Borax bead test : А pale blue coloured bead obtained by a trace of Cu salts turns ruby 
red in the reducing flame when the coloured bead is touched with Sn Salt. 

[B] Wet tests : 

(1) A delicate test of Sn salt is fluorescence test. A few drops of Sn salt solution is taken 
ina beaker. About | ml of conc. HCl and apiece of Sn free metallic Zn is added to it. The solution 
is stirred with a test tube which is half-filled with water. Now the bottom of the test tube is held 
into the non luminous zone of the bunsen burner. Formation of beautiful blue fluorescence 
confirms the presence of Sn salt. : 

(2) Stannous salt gives amethyst colouration with cacotheline (i.e., a nitro derivative of 


brucine C,H», ON). 

е Distinction between Sn?* and Sn* salts e 

Stannic salt solution 
Yellow ppt. of SnS; is obtained 


which is soluble in yellow 
ammonium sulphide solution. 


No ppt is obtained. 


Chocolate brown ppt. of SnS is obtained 
which is soluble in yellow ammonium 
sulphide solution. 

White ppt. of HgzClz, becomes grey on 
addition of excess stannous salt solution. 


Blue ppt. of Turnbull's blue is obtained. 


1. HS 


2. HgCl, Solution 


3. FeCl, solution + Freshly No reaction. 


Prepared solution of 
potassium ferricyanide 
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€ LEAD e 


Symbol - Pb. Atomic No. – 82. Atomic wt. — 207.1 
Electronic configuration — [Xe] 44 5d!° 4s? áp? ` Oxidation number +2, +4. 


5.8. Occurrence of Lead. 

The important ores of lead are — 

(1) Galena — PbS, 

(2) Anglesite —PbSO, 

(3) Cerussite – PbCO; 

(4) Lanarkite — PbO, PbSO, 

(5) Crocoisite – PbCrO, 

Commercially workable deposit of lead is found in zawar mines in Rajasthan. Deposit of 
galena is also found in Hazaribag (Bihar). 


5.9. Extraction of Lead. 

Lead is extracted from galena either by (i) carbon reduction process or by (ii) self reduction 
process, 

[I]. Carbon reduction process : 

This process is applicable when the ore contains more impurities and less amount of lead, 
The process involves the following steps— 

(i) Concentration of the ore : The finely powdered galena is first concentrated by froth 
floatation process whereby major portion of the gangue and zinc blende is separated from 
galena. The concentrated ore thus obtained contains (50-60)% of lead. 

(ii) Roasting : The concentrated ore is then mixed with lime which acts as flux and the 
mixture is roasted in a sinterer. It is made of steel sheet lined inside with fire bricks. There is 

a grating near the bottom and a hood at the top. It 

[52 is mounted on trunions. The charge (concentrated 

ore, lime and little coke) is placed on the coal fire 

at the grating. Air is sucked in through the pipe at 

the top of the hood. During roasting operation 

lead sulphide is oxidised to lead oxide and some 
lead sulphate. 

2PbS + 30; = 2PbO + 250; PbS + 20, = PbSO, 

Since lime is more basic than PbO, its presence 
prevents the formation of PbSiO; and PbSO,. It 
also keeps the mass porous and helps to complete 
the reactions. 

(iii) Smelting in the blast furnace—carbon 
reduction : The roasted and sintered mass is mixed 
with coke which acts as fuel as well as reducing 
agent. 

A mixture of finely divided lime and ferric oxide 
is also added which acts as flux. The mixture is fed 

Fig. 5.2 : Roasting of galena into a small blast furnace. The temperature of the 
furnace is about 1000°C and air blast is forced into the furnace through tuyers. At first some 
coke is burnt in hot air with the production of CO and much heat. At this temperature lead oxide 
i5 reduced by coke and CO to produce metallic lead. 

PbO + C= РЬ+ СОТ; PbO + CO = Pb + CO; 7 
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Unchanged PbS also helps in the reduction of PbO to metallic lead. 
PbS + 2PbO = 3Pb + SO, Т 

PbS also helps the reduction of PbSO, 
to form metallic Pb. 

PbS + PbSO, = 2Pb + 250,7 

Lime reacts with the silicious and 
iron impurities presentin the roasted ore. 9^ собни, 
to o pista silicate and Pat + Lime + Penic oxide 
silicate (slag). 

CaO + SiO; = CaSiO;, 
Fe;0; + CO = 2FeO + CO, 
FeO + SiO; = FeSiO;. 

Molten lead and slag thus produced 
collect at the bottom of the furnace in 
two layers. Slag being lighter, floats on 
the surface of the molten lead. Molten 
lead and slag are taken out through two 
separate tapping holes. 

[II] Self reduction process : 

Galena rich in lead content is 
extracted by the application of self 
reduction process. It consists of the 
following operations : Fig. 5.3 : Smelting in Һе blast furnace 


(i) Roasting : The finely divided concentrated ore is roasted in a reverberatory furnace at 
a moderate temperature and in a controlled supply of air. During roasting galena is oxidised 
partially to lead oxide and partially into lead sulphate. Some parts.of galena remain 
unchanged, 

(ii) Self reducton : When the oxidation of PbS has proceeded to half the amount, the air 
supply into the furnace is cut off and the temperature is raised to bright red heat. The unchanged 

Hot PbS now reduces the produced PhO 
gases and PbSO, to metallic lead. The 
c molten lead is tapped from time to 
time through hole at the bottom of 
the furnace, 

PbS + 2PbO = 3Pb + SO; 

PbS + PbSO, = 2Pb + 2$О;. 
Hearth (iii) Purification : Lead thus 
obtained contains Cu, Sb, Sn, As, Bi, 
Ag and Au. The presence of these 

impurities renders impure lead hard. 
Fig. 5.4 : Extraction of Pb by self reduction Softening of lead means the removal 
of these impurities except Ag and Au from the impure lead when it becomes soft. 

The impure lead is melted in a reverberatory furnace in presence of air, when the 
impurities are oxidised and form scum on the surface of molten lead. The scum is skimmed 
off from time to time until lead becomes soft. It still contains Ag and Au, which are removed 
by Parke's process or Pattinson's process ( desilverisation of lead) as described under silver 
in Chapter-6. 


—Charging pipe 


Roasted ore + Coke ks == Waste gases 


Air 
Blast main 
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Lead freed from Ag and Au is further purified by Bett's electrolytic process. In this 
process, the desilverised lead is used as anode and thin sheets of pure lead are used as 
cathode. The electrolytic cell contains lead silico fluoride, some hydrofluo silicic acid 
H,SiF, and gelatine. During electrolysis impure lead dissolves and pure lead is deposited at 
the cathode. 


5.10. Properties of Lead. 

[A] Physical : Lead is bluish grey, soft metal. Its specific gravity is 11.34. It. melts-at 
327°C and boils at 1200°C. It can mark paper and can be scratched easily. It is malleable and 
can be rolled into sheets. 

[В] Chemical : 

(1) Action on air : Perfectly dry air has no action on lead but in moist air it is rapidly 
coated with white film of basic carbonate. 

This explains why the bright metallic lustre on the surface of lead disppears when it is 
exposed to moist air. When lead in strongly heated in air or in oxygen it is oxidised first into 
litharge (yellow) and finally to red lead (or minium). 

2Pb + О, = 2PbO (Litharge); 6PbO + О; = 2Pb;O, [Red lead (minium)] 

Finely divided lead is pyrophoric. Pyrophoric lead is obtained by thermally decomposing 
lead tartarate. Yt takes on fire spontaneously. 

(2) Action on water : Lead is not attacked by air-free water, but water containing dissolved 
oxygen, rapidly attacks lead with the formation a loose deposit of lead hydroxide which is 
highly soluble in water and poisonous. The dissolution of lead by water is commonly known 


» plumbo solvency. 
as plumbo solvency 2Pb + 2H40 + O; = 2Pb(OH), 


@ Lead poisoning : Since soluble salts of lead are highly poisonous and act as cumulative poison, drinking 
water which is often conveyed through lead pipes, must be hard, because hard water containing carbonates and 
sulphates, do not corrode lead pipes. They form a coating of insoluble lead carbonate or lead sulphate on the inner 
surface of the lead pipes which protects the metal from further action.-Soft water containing nitrates, ammonium 
salts, organic acids, should not be conveyed through lead pipes used for drinking purpose, as lead readily forms 
soluble lead compounds. Poisoning by lead is a slow process but dangerous. In lead poisoning a blue line is 
produced on the edge of gum. 

(3) Action on acids : (a) Lead is insoluble in dil HCI or dil H504. The hor conc HCl and 
H,SO, attacks lead but the action is slowed down due to the formation of a coating of insoluble 
PbCl; or PbSO, on the surface of the metal. Lead is precipitated by cold dil НСІ, but due to the 
formation of chloroplumbous acid it goes into conc. НСІ solution. 

Pb + 2HCI = РЬСІ, 1 + H;, PbCI; + 2HCI = Н.(РЬСІ,) 

(b) Above 200°C conc. H;SO, is slowly reduced to sulphur dioxide by lead, with the 
formation of lead sulphate. 

Pb + 2H;SO, = PbSO, + 2H;O + SOT 

(c) Lead is attacked by HNO; of all concentrations. 

Cold and dilute : 4Pb + 10HNO; =4Pb(NO;) + МО + 5H;O 

Hot and conc : Pb + 4HNO; = Pb(NO:) + 2NO; + 2H;O 

Cold and 1:1 HNO;,: 3Pb + 8HNO; =3Pb(NO;) + 2NO + 4H;O 

[Since below 200° Н,50 is inert towards lead, it is largely used for making lead chambers for ad 
plantand also for making lead pans for the concentration of sulphuric acid. Lead is also attacked by organic acids 
like acetic acid in presence of oxygen. РЬ + 2СН.СООН +1/,0› = РЫСН:СОО) + НО] 
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(4) Action on alkalies : Caustic alkalis have feeble action on lead. On being heated with 
NaOH or KOH lead forms plumbite salts slowly. 
‘Pb + 2NaOH = Na;PbO,; + Н, 
(5) Action on chlorine and sulphur : When dry Cl; gas or sulphur vapour is passed over 
hot metal the corresponding salts are produced. 
Pb + Cl, = PbCh, РЬ +S = PbS 
(6) More electro-positive metals e.g., Zn can displace lead from the solution of lead 


salts. Thus when a zinc rod is suspended in a solution of lead nitrate or acetate, lead is 
deposited on the surface of zinc rod in a peculiar crystalline form. This is commonly called 


mec Zn + Pb(NOs)2 = Zn(NO;); + Pb 1 
Zn *Pb(CH;COO); = Zn(CH;COO); + Pb 1. 

€ Uses of Lead : Lead is used, 

(i) for making shots, bullets and plates for storage cells ; 

(ii) in the manufacture of pipes and protective covering for the underground telephone 
wires; 

Gii) for making lead pipes for conveying drinking water and containers for storing 
corrosive liquids; 

(iv) in the manufacture of lead compounds e.g., white lead, chrome yellow, chrome red, 
litharge etc. ; 

(v) in the preparation of evaporating pans, sinks, cisterns; 

(vi) itis used for the protection against gamma-radiation while working with radioactive 
substances. 

Some useful alloys of lead are given below : 


Alloy Composiion Uses 
1. Pewter Pb(20%), Sn (80%) Utensils. tanks 
2. Solder Pb (50%), Sn (50%) Soldering 
3. Type metal Pb (60%), Sb (30%), Sn (1035) Printing type 
4. ULCO Pb, Ca Bearings of machines 
5. Frary metal Pb (97%), Ba (2%), Ca (1%) Bearings of machines 
&. Linotype metal Pb (83%), Sn (3%), Sb (19%) Printing type 


5.11. Compounds of Lead. 

Lead, forms two series of compounds, plumbous (valency 2) and plumbic (valency 4). 
Plumbous compounds are more stable than plumbic compounds (inert pair effect). Plumbic 
compounds are strong oxidants. 

Pb*^42e zc Pb” 
Again Pb (iv) compounds are either insoluble or hydrolysed by water to lead dioxide 
(PbO)). 
ө Oxides of Lead : 
Five oxides of lead have been described PbO, PbO, Pb;O;, PbO, and Pb;O;.Of these 
oxides lead monoxide (PbO) is the most stable and is formed when any one of the other four 


oxides is heated. 
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(1) Lead Suboxide (Pb;O) : 
[A] Preparation (1) It is obtained by heating PbO in carbon monoxide at 300°C. 
2PbO + CO = Pb;O + CO; 
[B] Properties : It is a black powder, insoluble in water and on heating gives lead 
monoxide. 
2Pb;O + О, = 4PbO 


(2) Lead monoxide (PbO) : 
It exists in two forms—(i) yellow powder commercially known as massicot and (ii) reddish 
yellow coloured crystalline variety called litharge. 


[A] Preparation : (i) When lead is heated slowly in air PbO is formed as a yellow 
powder known as massicot. When massicot is heated it melts at 170°C. The molten mass on 
cooling solidifies to give the crystalline variety called litharge (reddish yellow). The colour of 
the lead monoxide is either reddish yellow or yellow which depends upon the method of 


preparation. 2Pb + O; = 2PbO 

(ii) PbO is obtained by heating PbCO;, Pb(NO:);, Pb(OH); or any oxide of Pb above 
podia 2Pb(NO3); = 2PbO + 4NO) + Оз; PbCO; = PbO. + СО, 

(iii) It is also fomed during the cupellation process of silver refining. 


[B] Properties : (i) Massicot and litharge differ in crystalline form with a transition 
temperature 585°C. PbO is either yellow powder or reddish yellow coloured crystalline solid 
insoluble in water but dissolves in acids and alkalis. 


PbO + 2HCI = РЬСІ, + H;O; PbO + 2NaOH = Na;PbO; + НО 
This explains the amphoteric behaviour of PbO. 
(ii) It is readily reduced to metallic state by C, CO or hydrogen in hot condition. 
PbO + С = Pb + СО, PbO + СО = Pb + CO; 
PbO + Н; = Pb + НО 
[C] Uses : Lead monoxide is used (1) in making flint glass, (2) in glazing pottery, (3) in 
making lead salts and red lead. (4) in making paints and varnishes. 
(3) Lead sesquioxide (Pb;O;) : ӨМ, 
[A] Preparation : This may be regarded as plumbous metaplumbite Pb [PbOs] ог 


PbO, PbO». It is obtained as a reddish yellow powder when, sodium hypochlorite solution ot 
any other oxidising agent like СІ, or H3O; is added to a cold solution of PbO in NaOH 


pav 2PbO + NaOCl = Pb;O; + NaCl 

[B] Properties : It is reddish yellow solid, decomposed by dil HNO; into PbO; and 
PONO») PbO; + 2HNO; = PbO; + Pb(NO;); + H:O 

(4) Red Lead (Pb;O, or 2PbO;, PbO») : 

It is also known a minium. 


[A] Preparation : Red lead is manufactured on a large scale by heating litharge ina current 
of air either in a muffle furnace or in a reverberatory furnace for 48 hours, temperature being 


арале, 6PbO + О, = 2Pb;0; 
Higher temperature should be avoided as above 470°C it decomposes into oxygen and PbO. 
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[B] Properties : (i) Red lead is reddish yellow crystalline powder. It is insoluble in water. 
(ii) On being heated to 470°C, it decomposes to lead monoxide and oxygen. 


470°C 
2PbiO, — —? 6PbO + О 


(iii) Dilute acids decompose it into PbO and PDO», The former is soluble in dil acid 
leaving behind PbO. Conc. HCl. and conc. H;SO, however dissolve both PbO and PbO». 
Hence when warmed with conc НСІ, yellowish green Cl; gas is evolved. according to the 
following equation. 


Pb.O, + 4HCI = 2PbCl; + PbO» + 2H,O 
PbO, + 4HCI = PbCl, + 2H20 + Cl, 
PbO, + 8HCI = ЗРЬСІ, + 4H;O + СІ, T 
When warmed with conc. H»SO, white PbSO, is precipitated liberating О, gas. 


[Pb,;0, + 2H,SO, = 2PbSO, + PbO, + 2H,O] x 2 
2PbO, + 2H;SO, = 2PbSO, + О; + 290 


2Pb,0, + 6H;SO, = 6PbSO, + 6H;O + О, 7 
(iii) With conc .HNO; it gives brown ppt. of PbO». 
Pb;O, + 4HNO; = 2Pb(NO;); + PbO, 1 + 2H;O 
Chemical behaviour of red aid suggests that it is а mixed oxide 2PbO, PbO: 


1 
or plumbous ortho plumbate Pb, [PbO]. X-ray crystallography study shows that the solid 
has a layer of lattice type, each layer of PbO, been sandwiched between two layers of 
PbO. 


[C] Uses: It is used 

(1) as an oxidising agent in qualitative inorganic analysis, 

(ii) in making flint glass and matches; 

(iii) Mixed with linseed oil, it is widely used as a protective paint for iron against rusting 
and also as a plumber's cement for joining pipes etc. 


(iv) Used as a red pigment. 

(5) Lead dioxide (РЬО») : 

[A] Preparation : (i) Lead dioxide sometimes erroneously called lead peroxide is 
obtained as a chocolate residue when conc. HNO, reacts with red lead. The solution is diluted 
and filtered. The residue is washed with water and dried. 

Pb,O, + 4HNO; = 2Pb(NO;); + PbO,  2H;O 

(ii) Lead dioxide is easily obtained by the action of strong oxidising agents on alkaline lead 
salt solution e.g., lead acetate solution. Normally sodium hypochlorite or bleaching powder is 
used as oxidising agent. 

Pb(CH;COO),  2NaOH + NaOCl = PbO, + NaCl + 2CH;COONa + HO 
Pb(CH;COO); + Ca(OCI)CI + H20 = PbO: + CaCl; + 2CH,COOH 

The precipitate of PbO; is digested with hot, dil HNO; to remove bleaching powder. It is 

then filtered, washed and dried. 
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[B] Properties : (i) It is a chocolate brown amorphous powder. Mixture of sulphur and 
PbO; inflames spontaneously and when a mixture of red phosphorus and PbO; is rubbed in a 
mortar with a pestle, it explodes violently. 

(ii) It is decomposed into PbO and O; when strongly heated. 

2PbO; = 2PbO + О; 
(iii) It does not react with cold dil. HCl or H,SO, but when warmed with conc. НСІ and 
conc. H;SO, it liberates Cl; and О; respectively. 
PbO, + 4HCI = РЬСІ, + СІ,  2H;O 
2PbO, + 29,50, = 2PbSO, + 29,0 + О, 
(iv) It dissolves in concentrated alkali to form plumbates. 
PbO, + 2NaOH = Na;PbO; + H,O 
(v) Lead sulphate is formed when it is exposed to hot vapour of SO). 
PbO, + SO; = PbSO, 

(vi) Lead dioxide is a powerful oxidising agent. 

(a) When MnSO, is warmed with lead dioxide and HNO,, a purple colour is formed due 
to the oxidation of Mn (II) salt into HMnO,—a test used for the confirmation of the presence 
of Mn(II) salt. 

2MnSO, + 5PbO; + 6HNO; = 2HMnO, + 2PbSO, + 3Pb(NO;);  2H;O 
(b) It oxidises oxalic acid to CO» іп presence of HNO;. 
UN + PbO, + 2HNO; = Pb(NO)); + 2CO; + 29,0 

(c) In alkaline medium Cr(OH); is oxidised to yellow chromate solution. 

2Cr(OH); + 3PbO, + IOKOH = 2K;CrO, + ЗК.РЬО, + 8H;O 

Lead dioxide should be classified as an amphoteric oxide as it behaves as an acidic oxide towards strong 
base giving rise to plumbates and as a basic oxide towards strong acids leading to the formation of plumbic salts. 

[C] Uses : (1) As an oxidising agent in inorganic analysis, (2) in storage cells i.e., lead 
accumulator. 

(6) Lead acetate [Pb(CH;COO);.3H,0O] : 

[A] Preparation : It is prepared by heating a solution of litharge in dilute acetic acid 
followed by crystallisation of the resulting solution. 

PbO + 2CH;COOH = Pb(CH;COO), + HO 

[B] Properties : (i) It is a white crystalline salt with a sweet taste but highly poisonous 
and is known as a sugar of lead. It is readily soluble in water. 

(ii) When boiled with lead monoxide it forms basic lead acetate РЪ(СН;СОО),, 2Pb(OH):. 


(iii) On being strongly heated it forms acetone. 
CH; 
Pb (CH,COO) = PbCO; Û + н, SE 


[C] Uses : (i) It is used as an important laboratory reagent. 
(ii) It is used in medicine as a lotion. 
(iii) Pigments like chrome red, chrome yellow etc., are obtained from it. 


(7) Lead chloride (PbCL) : 


[A] Preparation : (i) Lead chloride is produced by dissolving lead carbonate in dil НСІ. 


PbCO; + 2HCI = РЬСІ, + CO; + НО 


| 
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(ii) When a soluble chloride e.g., KCI or NaCl or a dilute solution of НСІ is added to an 
aqueous solution ofa lead salt, a white precipitate of lead chloride is obtained. The resulting 
pin is dissolved in boiling waterand the solution thus obtained on cooling yields crystals 
of lead chloride; 

КӨРӨН Pb(NO;); + 2NaCI = РЬС1, + 2NaNO; 


[B] Properties : A colourless crystalline salt, insoluble in cold water but soluble in boiling 
water. 


It dissolves in conc. НСІ with the formation of a complex H;PbCl,. 
PbCI + 2HCI = H;PbCI, 

[C] Uses : It is used in dyeing industry. 

(8) Lead nitrate [Pb(NO3);] : 

[A] Preparation : It is prepared by the acion of dil HNO; on metallic lead or lead monoxide 
or lead carbonate. The solution of lead nitrate thus obtained on evaporation yields crystals of 
peste PbO + 2HNO; = РЫМО;) + HO 

PbCO; + 2HNO, = Pb(NO;); + CO; + H30. 


[B] Properties : It is colourless crystalline solid and soluble in water. On being heated, 
it melts at first and then decomposes to give lead monoxide, NO; and O». 


2Pb(NO3)2 = 2PbO + 4NO, + О, 


[C] Uses : Used in the preparation of lead salts, nitrogen dioxide and oxygen. It is also 
used as an oxidising agent and in the match industry. 


(9) Lead tetra ethyl [Pb (C;H:),] [T.E.L.] : 
[A] Preparation : (i) Tetra-ethyl lead can be obtained by the interaction between PbCI; 


апае PCI; + 2LiC;H; = 2LiCI + РЫ(С:Н;) 
2Pb(C;H;); = РЬ + РЫС›Н.), 
lead tetra ethyl 


(ii) It is prepared on a large scale by reacting vapour of ethyl chloride with sodium-lead 
alloy in presence of suitable catalyst. 
4C;HsCI + 4Na + Pb = Pb(C;H;), + 4NaCI 
[B] Properties : It is highly poisonous covalent liquid. It reacts with HCI to liberate ethane. 
Pb(C;H;), + 4HCI  PbCI, + 4C;)H« 

[C] Uses : It is used as an ‘antiknock’ additive to increase the octane number of petrol. 
However its use is going to be declined as currently the automobile cars run on lead free petrol. 
Lead is poisonous to man and burning of petrol containing Pb(C;H;), releases lead in finely 
divided state causing atmospheric pollution in the urban area. 


(10) White Lead, Basic Lead Carbonate [2PbCOs, Pb (ОН)] : 

[A] Preparation : When an aqueous solution of normal alkali carbonate is added to an 
aqueous solution of lead salt, a white precipitate of basic lead carbonate is formed which has 
approximate composition 2PbCO;, Pb(OH);. This is an important white pigment and is 
manufactured by a number of processes, the oldest one being Dutch process described as early 
as 300 B.C. 

Dutch process : In this process pieces of lead are placed in earthenware pots having 
perforated shelves near the bottom. Metallic lead is placed on these shelves. Dilute acetic acid 
i.e. , vineger is taken in these pots. The pots are placed upon a bed of spent tan bark or horse 
dung. Each layer of pots is covered with a board. Pots are placed one above the other. The pots 
are also covered loosely with spent tan bark or horse dung. The whole arrangement is placed 
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under a shed for about 5 to 6 weeks. During this time the fermentation of tan bark produces heat 
and СО». Acetic acid in the pot volatilises out and reacts with lead to form basic lead acetate _ 
which is converted into basic lead carbonate by the evolved 
CO». After 5 to 6 weeks, the crust of the white lead formed is 
stripped off, washed, ground to powder and finally dried in air, 
The following reactions are believed to take place during the 
time period. 
2Pb + О; +2Н›О = 2Pb(OH) 
Pb(OH); + 2CH;COOH = Pb(CH;COO), + 2H;0 
Pb(CH3COO), + 2РЬ(ОН) = Pb(CH;COO),, 2Pb(OH); 
3[Pb(CH3COO);, 2Pb(OH);] + 4CO; = 2[2PbCO;, Pb(OH);] 
+ 3Pb(CH;COO), + 49:0 


жыш: = Lead acetate, being soluble in water is removed during 
Fig. 5.5 : Dutch process washing with water. 


Carter process : In this process atomised lead, made by blowing a jet of super heated steam 
against a fine stream of molten lead is led into a wooden cylinder which is revolving slowly, 
Dilute acetic acid is added into the cylinder. A mixture of CO, and air is sprayed inside it. Lead 
in presence of air reacts with CO, and acetic acid and produces white lead in two weeks. The 
product is ground, washed with water and finally dried. 


[B] Uses : White lead is extensively used as a white pigment and mixed with linseed oil 
it is used as a white paint. It suffers from two disadvantages- (i) it is toxic and (ii) it becomes 
black by the H;S present in the air of city and industrial town. Inspite of these drawbacks, it is. 
preferred because of its high covering power. D 


A mixture of equal parts of white lead and barium sulphate is marketed under the name of 
venetian white, Dutch white contains white lead and BaSO, in the ratio of 1 : 3. 


@ Lead storage battery : 

We know that a battery consists of one or more voltaic cell. When these cells are connected in series, the bal 
generates e.m.f. which is the sum of the e.m.F. of the cells. This e.m.f. becomes a convenient source of 
One such battery is lead storage battery used in automobile. A 12 volt lead storage battery consists of six 
each producing 2 volt. Each cell consists of a cathode which is PbO; packed in metal grid while the а 
consists of Pb plate, the electrodes are immersed in dil. Н›$О,. The following reactions take place during discharge 
of the cell. 

At anode : Pb (s) + 502 (ag) = 2e — PbSO,(s) 
At cathode : PbO; (s) + 504 (aq) + 4H* (aq) 2e — PbSO, (s) + 290 (I) 
Overall reaction : Pb (s) + PbO2(s) + 4H* (aq) + 2507" (oq) — 2РЬ$О, s) + 2H;O ()) 


The equation shows that H2SO, is consumed during the discharge of lead storage battery. A fully charged. 
cell has HSO; of density 1.25 to 1.30 g/cm?. When the density falls below 1.20g/cm? the battery is to be 
recharged. With the help of an external source of energy the battery can be recharged. Recharging of the battery 
indicates reversing the above spontaneous reaction: 

2РЬЅО, (s) + HO () — РЬ (s) + PbO: (s) + 4H* (aq) + 2502 (aq) 
@ Poisoning action of lead compounds : 
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5.12. Detection of Lead. 


X [A] Dry tests : (i) Lead compounds are mixed with finely powdered Na,CO, and the 
mixture is heated on a charcoal groove by reducing blow pipe flame. А lemon yellow coloured 
incrustration along with malleable metallic bead is produced that marks paper. 

(ii) All lead compounds when subjected to flame test, impart lambent blue colour to the 
non luminous flame 

[B] Wet tests : (i) When dil НСІ is added to any soluble lead salt, a white ppt of PbCI, is 
formed which is soluble in boiling water but reapears on cooling. 


Pb(NO;)2 + 2HCI = PbCI; 4 +2HNO; 
(ii) When K;CrO, solution is added to a soluble lead salt, a deep yellow ppt of Pb CrO, 


is formed, 
1 Pht + K,CrO; = PbCrO, 4 + 2K* 


(iii) On adding KI solution to an aqueous solution of lead salt a yellow ppt of РЫ, is 
produced which dissolves in boiling water but reappears as golden yellow spangles on cooling. 


Pb** + 2KI = Pbl 1 + 2K* 


(iv) Toan acidified solution of lead salt when H;S gas is passed a black pptof PbS in formed 
which is soluble in hot dil HNO;. 


Pb'* + H:S = PbS 1  2H* 


ө Questions e 
1. Compare and contrast the properties of Group IVB elements with reference to (a) Oxidation state, 
(b) Atomic Size, (с) Catenation, (d) Metallic properties and (е) Electro-negativity. 
2. How does catenation property of Group IVB elements vary and why # 
3. Explain why— 
(а) Stannous chloride is solid while stannic chloride is liquid. 
(b) Pb (IV) compounds are oxidising agents. 
(c) CCl, does not act os Lewis acid but SiCl and SnCl, do so. 
(dj РЬСІ, is stable but РЫ, is unstable. 4 
` (e) Lead pollution is caused by car exaust. [Hints : Tetra ethyl lead is added in petrol.] 
{f), CN bönd length iñ trimethyl amine is more than SiN bond length in trisilicyl amine. 
- {g)-Radiotictive- material is shielded by lead blocks. 
(h) Surface painted with whitelead becomes black on exposure to air although original colour can be 
restored with MO». * Roorkee Eng '87] ` 
li). Workers engdged in lead industry suffer from añaemia. 
(К) Articles:made of tin crumble to fine powder in severe cold. 
(I) PbO is an amphoteric oxide. : 
(m) Black ppt is formed when ВМО»), is added to sodium stannite solution. 
(n) Galvanised iron sheets are more durable than tin plated iron articles. 
(n) Lithopone is a better white pigment than white lead. 
(о) SnCl, unlike PbCl, is a reducing agent but PbO; in contrast to SnO; is an oxidising agent. 
(р) Tin foil is added to SnCl, solution for preserving it. 
(q) NH.CI is used for the process of tinning of copper vessels. 
(r) Lead pipes are not safe for carrying drinking water. 
(s) Damaged kerosene tins deteriorate quickly. 
(0 Sn and Pb form divalent compounds although both of them contains four valence electrons. 
(u) SnCl, is a poor conductor of electricity. 
(v) PbBr, or РЫ, does not exist. 
[Hints : Pb“* ion is strong oxidising agent while Br” and I are strong reducing agents. Consequently Pb 
can not exist in presence of Br- or F ion and is reduced to Pb?*.] 
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From what source and how is metallic tin obtained in the pure state 2 What is cry’of tin 2 

Starting from metallic lead how would you obtain (a) Litharge, (b) Red lead, (c) Lead acetate and (d) Lead 
and (е) How is Pb** ion detected by wet tests ? 

(a) What is white lead ? How is it obtained on a large scale ? (b) Give equations for the recovery of lead 


from galena by air reduction. ПАЛ. 87] 


А 


12. 


Identify A and B (compound/reaction condition) 
pbs eatin» A+ pbs Êz Pb + SO; [Ans A = PbO, В = heating self-reduction] [LLT. '91] 


. Write the formula and uses of the following : 


(a) Mosaic gold, (b) Pink salt, (c) Butter of tin, (d) Sugar of lead, (e) Putty powder, (f) Black tin. 


. Write short notes оп: 


(a) Electromagnetic separation (b) Plumbo solvancy (c) Cry of tin (d) tin plague (е) Lead storage battery. 


. How would you convert (i) РЫМО;); > Nz, (ii) PbCO, — PbSO, 


[Hints : (i) 2Pb(NO}, — > 2PbO + ANO: + Os, 2NO; “> 4CuO + № 
(ii) PbCO; у> PbO + CO, ЊО + Н,50, = PbSO, + H:O] 


. What happens when : 


(a) Metallic tin is boiled with KOH solution. 

(b) Dilute HNO; is slowly reacted with tin. ШАТ. 1987] 
(<) Stannous chloride is added to mercuric chloride solution: 

(d) Excess of NaOH is added to SnCl, solution. 

(e) Stannous chloride solution is added to ferric chloride solution. 

(f) Red lead is warmed with a mixture of glacial CH;COOH and acetic anhydride below 60°C. 

(g) Lead diacetate crystals are strongly heated. 

(h) Powdered Sn is added to hot conc HNOs. 

(i) Bi(NO;) solution is added to an alkaline solution of sodium stannite solution. 

(i) SnCl; reacts with an acidified solution of K,CrjO;. 

(k) Red lead is treated with nitric acid. (LT. '85] 
(1) Galena is heated in presence of air. ГИТ. 87] 
(т) Lead is treated with dil and conc HNO). 

(n) lodine is added to stannous chloride. 117, 86) 
(o) Lead chloride is treated with conc. HCI. 

(a) Arrange GeCl;, SnCl; and PbCl in order of increasing reducing power.[Ans. PbCI;«SnCl;«GeCl;] 
(b) GeCl,, SnCl, and РЬСІ, in order of increasing oxidising power. [Ans. GeCl,<SnCl,<PbCl,] 


13. How will you prepare the following— 
(a) Tin from cassiterite (b) Red lead or minium from litharge [Jt. Ent 96] (c) TEL from sodium-lead alloy 
(d) Basic lead carbonate form metallic lead (e) Stannous oxide from stannous chloride (f) N; from lead nitrate. 
14. How is galena present as impurity removed from the ore zinc blends. [WBJE.'95] 
Objective Questions : 
(a) Lead pencil contains 
(i) Pb (ii) FeS (iii) Graphite (iv) PbS. (Ans. їй) 
(b) When lead storage battery is discharged 
(i) lead is formed (ii) HıSO, is consumed (iii) SO; is evolved (iv) PbO» is formed (Ans. il) 
(с) Red Lead is 4 
(i) PbO, (ii) PbO (iii) PbO, (iv) РЬ;О. (Ans. їй 
(9) An alloy which does not contain copper 2 
(i) Bell metal (ii) Brass (iii) Bronze (iv) Solder. (Ans. iv) 


(e) Sugar of lead is 

(i) P(CH;COO), (ii) A mixture of glucose + РЫ МО, (iii) P(CHCOO];3H;O (iv) ШО. ^. 
(f) Pewter is 

(i) 20% Pb, 80% Sn (ii) 50% Pb, 50% Sn (iii) 83% Pb, 3% Sn, 14% Sb (iv) 60% Pb, 30% Sb, pos 


(g) Butter of tin is = 
(i) (NH); $пС\, (ii) SnCl; + Sn(OH), (iii) SnCl,, SHO (iv) HaSnCls (Ans. їй) 


[ 
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9 Characteristics of coinage metals : 


Group IB of the periodic table comprises of Copper (Си), Silvér (Ар) and Gold (Аи). 
Being least electro-positive, these metals occur in nature in free state. These metals are known 
as coinage metals because all of them were used in making coins for currency in the past. The 
physical properties of coinage metals are tabulated below : 


(1) Atomic No. 
(2) Atomic radius in A ۴ v (7) lonisation potential 
leV) 1st 


(3) Melting point (8) Electro-negativity 
(4) Boiling point 2212°C | 2966°C | (9) Heat of vaporisation 
k cal mole 

(5) Density g/ml - d . ‚3 | (10) Heat of fusion 


(i) The general electronic configuration of the outermost shell of these metals is (=1) 
d'ns'. As there is very little difference in energies between (n=1)d and ns orbitals, electrons 
from both the orbitals of these metals are used in bond formation. Consequently they exhibit 
variable valencies of 1, 2 and 3. The common oxidation states of copper, silver and gold are +2, 
+1 and +3 respectively. 

(ii) Atomic radius and density : The atomic radius and density of these metals increase 
from copper to gold. 

(iii) The electro-positive character decreases from copper to gold and thus nobility of the 
metals increases from Cu to Au. Thus Cu is attacked by all mineral acids, Ag is only attacked 
by HNO, and conc. H;SO, and Au is dissolved only in aqua regia. 

(iv) The salts of Au are easily reduced and this property decreases from Au to Cu. 

AuCl; + 3FeSO, = Au } + Fe; (SO); + FeCl; 

Cu salts are reduced by FeSO,. — 2CuSO, + 2FeSO, = CuSO, + Fe,(SO,); 

(v) Elements of Gr I B exhibits similarities in properties with Group VIII elements e.g., Cu 
resembles Ni, Ag resembles Pd and Au resembles Pt. 

€ Similarities and dissimilarities of coinage metals and alkali metals : 

(A) Similarities : 

The coinage metals are placed in Gr I B in the periodic table while the alkali metals are 
placed in Gr I A. 

(1) The alkali metals exhibit monovalancy uniformly while copper and silver exhibit 
monovalency in their lower oxidation states e.g., Си", Ар? 

(2) Both the oxides of alkali metals and coinage metals are basic. Alkali metal oxides are 
more basic. 

(B) Dissimilarities : 

(1) The m.p. and b.p. of the coinage metals are much higher than those of the alkali metals. 
This is because of the involvement of d electrons in the metallic bonding of the coinage metals. 

(2) The first ionisation energies of the coinage metals are higher than those of the alkali 
metals. Since the ionisation energies of the coinage metals are very high than those of alkali 
metals, the coinage metals are much less reactive than alkali metals. 


CH-11/30 
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(3) The alkali metals exhibit only monovalancy whereas the coinage metals exhibit variable 
valancy. The electronic configuration of alkali metals is ns! ' where n is the outermost orbit e.g., 
Na = 15? 2s2p%3s', The general electronic configuration of the outermost shell of the coinage 
metals is (n—1) d'°ns'. As the energy of (n-1) d orbital is very nearly to the energy of ns orbital 
the electrons from both the levels can be used in the bond formation. Thus the coinage metals 
exhibit variable valencies of 1, 2 and 3. Due to the differences in the electronic configuration, 
there are much differences between the properties of the alkali metals and the coinage metals. 

(4) Thealkali metals are very active and consequently they are notat all found free in nature, 
whereas the coinage metals are found free in nature. 

(5) The coinage metal ions (Cu?*, Аш") are coloured and paramagnetic while the alkali 
metal ions are diamagnetic. This is due to the fact that in the alkali metal ions, all the elecrons 
are fully paired but in the coinage metal ions, some of the electrons are unpaired e.g., Cu” = 
152 252 2p5, 352 3p5 3d °. But Cut ion is diamagnetic as it has no unpaired electrons 15? 25? 2p*, 
3s? 3p5 3d", 

(6) The standard oxidation potentials of the coinage metals are negative while the standard 
oxidation potentials of alkali metals are highly positive. Hence the coinage metals are unable 
to displace hydrogen atom from dilute acids, but the alkali metals can displace the hydrogen 
atoms from dilute acids very rapidly. The alkali metals can displace H-atoms from water at 
ordinary temperature but the coinage metals can not do so. The salts of alkali metals are very 
stable but the salts of coinage metals are not so stable. 

(7) The salts of alkali metals generally do not undergo hydrolysis but the salts of coinage 
metals specially the halides readily undergo hydrolysis . 

(8) It is very difficult to extract the alkali metals from their compounds but the coinage , 
metals are easily extracted from their compounds. 

(9) The coinage metals can form large number of complex salts but alkali metals have little 
tendency to form complex. 

(10) The oxides and hydroxide of coinage metals are insoluble in water and weakly basic 
but those of the alkali metals are very soluble and strongly basic. 


ө Copper (Cu) @ 


Atomic No. : 29 Atomic Wt. : 63.57 Oxidation No. : +1, +2 
Electronic configuration : 152, 2s? 2р5, 3s? 3p* 3d", 4s. — m.p.:1083*C — Electro-negativity : 1.9 


6.1. Occurrence of copper. 

Copper occurs in free as well as in combined state. In the free state the metal occurs in 
enormous quantities in the copper region of Lake Superior in Canada. The main ores of copper 
аге: 

1. As sulphides: (i) Copper glance or chalcocite (Си›5) ; 

(ii) Copper pyrites or chalopyrites (Cu;S, Fe2S3) ; 
2. Asoxides : (i) Cuprite or ruby ore (Cu;O) ; 
3. As carbonates : (i) Malachite [CuCO;, Cu(OH);]; Azurite [2СиСО» Cu(OH)j ; 


Less important ores of copper are— Chrysocolla (CuSiO;, 2H20), Malaconite (CuO). 


Copper pyrites (CuS, Fe;S;) is the chief ore of copper. The sulphide ore copper pyrites 
is found in Bihar, Rajasthan and Tamilnadu. About 75% of the total world production of copper 


comes from sulphide ores. 
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€ It is difficult to extract metallic copper from copper pyrites— Explain why ? 


Copper pyrites is the chief ore of copper. It contains about 34.6% of copper, 30.5% of iron 
and 34.9% of sulphur. But it is difficult to extract copper from this ore and it is not possible to 
extract copper directly from this ore by self reduction. This is due to the fact that it contains 
Fe,S;. As iron is more electro-positive than copper, it has a strong affinity for oxygen than that 
of copper. Consequently, an attempt to oxidise Cu;S by roasting results in the oxidation of Fe,S; 
to FeS and FeO and CuS remains unchanged. As a result, the self reduction of Cu;S of copper 
pyrites is not possible due to the absence of CuO. So it is necessary to remove iron from the 
orecompletely because until and unless Fe is completely removed from the ore, it is not possible 
to oxidise a portion of CuS to СиО for self reduction. For this difficulty, the Fe is removed 
by smelting the roasted ore in the blast furnace when FeO of the roasted ore reacts with the silica 
to form slag (FeSiO;) which can be easily removed from the molten Cu;S. The CuS, free of 
Fe thus obtained is called.matte. When matte is subjected to oxidation in bessemer converter, 
a part of it is oxidised to form Cu;O and Cu,SO,, which then reacts with rest of Cu,S and thus 
self reduced to give metallic copper. 


6.2. Extraction of metallic copper. 
Copper is extracted from its sulphide ores by two processes. 


1. Pyro metallurgical process or Dry process (smelting process) from copper pyrites 
(Chalopyrites) : 

The process involves the following steps — 

(A) Concentration of the ore by oil floatation process : Copper pyrites contains only 
(2-3)% of copper. The rest of the ore contains iron as sulphide, silica, siliceous materials, 
sulphur, arsenic etc,, as impurities. Hence the ore is "a 
subjected to concentration by oil floatation process е ad; Perforated tube 
by which most of the siliceous material are removed Air 
and the copper content in the ore is increased consi- 
derably. 

Theoreiscrushedto fine powderand the powdered 
ore is added to water ina tank. A small amount of pine 
oil and sodium xanthate (foaming agents) are also Se Froth 
added to the water. The whole mass in then agitated Silica and 
vigorously by passing compressed air through it silicious materials 
when froth is produced. The ore particles are 0 T ә 
preferentially wetted by the oil and rise to the surface Fig. 6.1 : Oil floatation process 
along with the froth, On the otherhand, the particles of siliceous impurities are wetted by water 
and become heavier and settle down at the bottom of the tank. The froth is collected and dried 
when concentrated ore is obtained which contains 
25-30% of copper. 

(B) Roasting : The dried concentrated ore is 
then subjected to roasting. The roasting is carried out 
in reverberatory furnance where the concentrated 
ore is heated strongly in excess of air and at a 
temperature which is below the temperature of fusion 
of the ore. In this operation, (i) the free arsenic 
present in the ore is oxidised to volatile arseneous 
oxide, the excess sulphur is oxidised to sulphur 

Fig. 6.2 : Roasting in a reverberatory furnace dioxide. These volatile oxides escape along with 
water vapour. (ii) As iron is more electro-positive than copper, the iron present in the ore 
undergoes oxidation more readily than copper. Thus instead of cuprous sulphide, Fe;S; of the 


Outlet for gas 
4 
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ore is oxidised to FeS and FeO. (iii) Any cuprous oxide formed by the oxidation of Cu;S reacts 
with the produced FeS to form Си, again. 
Cu,S, Fe;S; + О, = Cu;S + 2FeS + SO; T 
CuS, Fej$; + 40; = CuzS + 2FeO + 350, T 
2Cu,S + 30, = 2Cu,0 + 250, T 
СиО + FeS = CuS + FeO 
Thus after roasting, the roasted ore contains CuS, FeS, FeO, silica and a little Cu;0, 


(C) Smelting of the roasted ore— production of matte : The roasted ore is mixed with 
coke, silicaand alittle lime stone and the mixture is heated strongly ina specially designed water 
jacketed blast furnace called smelter. (a) The coke is used 
here as a fuel, the burning of coke in the blast furnace 
produces much heat to keep the mixture in molten state, 
(b) The added silica acts here as a flux and lime stone is 
used to remove excess silica in the form of slag. 

Reactions : At high temperature the whole of the 
mixture melts. (i) Most of the ferrous sulphide of the 
roasted ore is oxidised to ferrous oxide. 


2FeS + 30, = 2FeO + 250, f. 


7 Tuyes (ii) The small quantity of cuprous oxide present in the 
roasted ore reacts with FeS to form CuS again. 


Outlet fo ер Cu,0 + FeS = CuS + FeO 
п matte 2 = Cu х 
molten та! WY tlet 2 2 


forslas (iii) The ferrous oxide thus produced combines with 


Fig. 6.3.: Smelting of the roasted ore n» silica to form ferrous ved (slag). 
blast furnace FeO + SiO; =FeSiO3. 


(iv) The excess silica combines with CaO, produced by the decomposition of lime stone 
to f Ісі ili Е 
о form calcium silicate (slag). CaO + SiO; = CaSiO;. 


(у) Cu,S remains unchanged. The molten slag along with molten CuS are collected at 
the bottom of the furnace. Slag being lighter than CuS floats as an immisible layer on the 
surface of the molten Cu;S. Slag and molten 
Си›$ are separated from each other by 
removing them from two separate holes. IX Steel plate 
The Cu,S thus obtained contains a little FeS р 
which is known as matte (Cu;S, FeS). 

(D) Self reduction— Bessemerisation 
to produce blister copper : Self reduction 
process of matte is carried out in a converter 
called bessemer converter which is an egg- 
shaped vessel made of steel plate and lined Inlet for air 
inside with magnesia bricks. It is provided 
with a horizontal tube consisting with a 
number of holes at the mid portion of the Fig. 6.4 : Self reduction of matte in 
vessel above the base. The converter is Bessemer converter К un 
supported on two horizontal pivots so that it can be tilted about its centre in any desired position: 

The molten matte is mixed with some silica and directly introduced into the converter. A 
blast of hot air is forced in from the horizontal pipe. 


air under 
high pressure 
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Reactions involved : (i) The small amount of ferrous sulphide which is present in the matte 


is oxidised t ‘ous oxide. 
is oxidised to ferrous oxide xS 50) = 2F + 280,1 
(ii) The ferrous oxide thus produced reacts with silica to form molten ferrous silicate (slag) 


d floats on the surface. 
ANAT ORO 888 FeO + SiO; = FeSiO; (slag) 


During the formation of slag, green flame at the mouth of the converter will be observed. 
The disappearence of this green flame indicates the complete removal of iron from matte as 
ferrous silicate in the form of slag. Now the blast of air is stopped and the floating slag is 
removed by tilting the converter. After the removal of slag, the converter is brought in its 
original position and blast of hot air is forced into the molten cuprous sulphide when a part of 
it is oxidised to cuprous oxide and cuprous sulphate. 


2Си›$ + 30; = 2Cu,0 + 280; f; CuS + 20, = Cu,SO, 


When 2/3 of the cuprous sulphide is oxidised, the blast is stopped. The produced Си;О and 
CuSO, are reduced by the rest of cuprous sulphide to produce metallic copper with the 


evolution of SO». CuS +200 = 6Cu + SO, 
CuSO, + CuS = 4Cu + 250,7 

Thus, metallic copper is produced by the self reduction of cuprous sulphide simply by 
heating it in hot blast of air without using any external reducing agent. Consequently it can be 
said that metallic copper is obtained simply by roasting its sulphide ore. 

The reactions are exothermic and so the heat generated during the reactions is sufficient to 
keep the produced copper in molten state. Metallic copper being heavier than molten cuprous 
sulphide, collects at the bottom of the converter below the pipe through which the blast of air 
is forced in. As a result the metallic copper thus. produced is not oxidised by the hot blast of 
air, After the completion of the reaction the converter is tilted and the molten copper is poured 
off into the sand moulds. à 

As the molten copper cools, it gives off the dissolved SO;. The SO; gas escaping in the form 
of bubbles, leaves the surface of the metal with full of cavities which gives the metal a blistered 
appearance. This is why the metal thus obtained is called blister copper. Yt contains about 98% 
of copper. The impurities present in it are chiefly iron, sulphur, arsenic and lead. Very small 
amount-of Au and Ag are also found to be present in it. 


(E) Refining of blister copper : 

(a) Thermal refining— polling process : The blister copper contains 2-3% impurities 
such as iron, sulphur, arsenic etc. The thermal refining of blister copper is carried out in a 
reverberatory furnace the hearthof which 
is lined with silica, The bli§ter copper is 
melted in the hearth of the reverberatory 
furnace in acurrent of air, when the chief 
impurities are oxidised to ferrous oxide 
and sulphur dioxide. SO, thus formed 
passes out and the FeO combines with 
silica of the lining to form ferrous silicate 
(slag) which floats on the surface of 
molten copper and is removed. Arsenic 


Fig. 6.5 : Electro-refining ot copper 
is oxidised to its volatile oxide which also escapes. The molten copper left in the furnace 


ce of CuO renders the metal brittle. Consequently the 


contains some cuprous oxide. The presen Onse 1 
ved. The Cu;O is removed by reducing it to metallic 


Си;О present in the copper must be remo 
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copper. This is carried out in the following process. Powdered anthracite (coke) is sprinkled on 
the molten mass and then the molten mass is stirrred with greenwood poles. As a result the 
charring of the green poles of wood produces reducing gases which reduce the cuprous oxide 
to metallic copper. Copper thus obtained is 99.5% pure. 

(b) Electro-refining : This process is used forobtaining very pure copper used inelectrical 
industry, The electrolytic bath contains 15% solution of copper sulphate acidified with 5% 
sulphuric acid. Thick sheets of blister copper are used as anodes which are placed alternately 
between thin sheets of pure copper which are used as cathodes. The electrolysis is conducted 
at around 50°С and the electrolyte is kept in constant motion to ensure uniformity of 
concentration. When electric current is passed through the electrolyte, the anodes gradually 
dissolve and pure copper is deposited on the cathodes which gradually grow in size. The 
impurities like Fe, Zn, Ni etc., dissolve in the solution as sulphates while gold, silver, platinum 
settle down below the anode as anode mud. The cathodes are removed and copper thus obtained 
is about 99.9946 pure. 

Reactions involved : CuSO, => Cu?” + 50 

At anode : Cu – 2e > Cu?* At cathode : Cu” + 2e > Cu 


€ Flow sheet of the extraction of copper from copper pyrites : 


Copper Concentrated Roasted 
pyrites (395 Cu) ore ore 
CuS, Ре;$з, (25-30)%Cu Су;5, Fes, 
silica CuS, Fe2S3, SiO, FeO, SiO; 
(3) 
blast Smelting 
furnace | Roasted ore + 
coke + silica 
(6) : (5) ч (4) 
99.9% 99.5% Blister Matte 
pure E Тыта Sue dn CuS + pad => 50, 
t 
copper copper 98% Cu ДЖИ amount of Fe: 


2. Hydro-metallurgical process : Wet process : 

(a) Iron precipitation method : This process is employed for the extraction of copperfrom | 
low grade sulphide ore containing large amount of iron sulphide (FejS;). The crushed and | 
powdered low grade copper pyrites is piled up in heaps and kept exposed to moist air for a long 
period, when cuprous sulphide and iron sulphide are oxidised to copper sulphate and ferrous 
sulphate respectively. The heaps are then leached with water and the solution obtained is kept 
in a tank. 

2Си›$ 50; = 2CuSO, + 2CuO; 2Fe,S; 110; + 2H;0 = 2H;SO, + 4FeSO, 
CuO + H,SO, = CuSO, + H,O. 
Metallic copper is precipitated from the solution by adding iron scraps. 
CuSO, + Fe = FeSO, + Cu 1 
© Different informations regarding the extraction of copper from copper pyrites or chalopyrites : 
(1) Name of the raw materials used in the process : The different raw materials used in this process are (i) 


copper pyrites (CuzS, Fe?S;], (ii) coke, (iii) sodium xanthate and pine oil, (iv) silica, (у) sulphuric acid and copper 
sulphate solution. | 


(2) Role of each material and the role of air in the process : 

(i) Copper pyrites (CuzS, Fe2S;) : Metallic copper is extracted from this ore. 

(a) Copper pyrites : The concentrated ore is roasted in a reverberatory furnace when Fe;S; of ће ore is 
oxidised to FeS and FeO but Соз5 remains unchanged. (b) The roasted ore 1s then smelted in a blast furnace 
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when the iron present in the ore is converted to FeO which combines with silica to form ferrous silicate (slag) 
and thus it is separated from molten Cu;S. The molten Cu;S thus obtained is called matte. (c) The matte thus 
obtained undergoes self reduction when it is heated in bessemer converter in a blast of air to produce 
blister copper. 


(ii) Coke: The function of coke is only to produce heat during the roasting of the concentrated ore and smelting 
of the roasted ore to produce matte. 


(iii) Sodium xanthate and pine oil : These are used as foaming agents during the concentration of copper 
pyrites ore by oil floatation process. 

(iv) Silica: The silica acts as a flux to remove iron from copper pyrites. The Fe2S3 present in the ore is ultimately 
oxidised to FeO which combines with silica to produce ferrous silicate (FeSiO;) which is then separated from Си;$ 
in molten state. 


(v) Н›$О„ and CuSO, solution : These two substances are used as electrolytic bath during the electro-refining 
of blister copper which contains 15% CuSO, solution acidified with 5% Н;5О,. 


(vi) Role of air: The aerial oxygen is used during the roasting of the concentrated ore and during the smelting 
of the roasted ore. 


(a) During roasting, the concentrated ore is heated strongly in a reverberatory furnace in the excess of 
air at a temperature which is below the temperature of the fusion of the ore. During this operation the free 
As, S etc., are oxidised by air to form volatile oxides which escape. The iron present in the ore is oxidised to 
ш Сол, Рез5з + О; = CuzS + 2FeS + 501 

CuS, Fe2S + 4O; = Cu?S + 2FeO + 3SO, T 

(b) During the smelting of the roasted ore, the FeS present in the ore is oxidised by aerial oxygen to produce 

FeO which is removed from Cu;S as slag. 
2FeS + 302 = 2FeO + 250; 1 ; FeO + SiO; = FeSiO; (slag). 

(9 The matte obtained after the smelting of the roasted ore contains some FeS. During ће bessemeri- 
sation of matte, the blast of hot air converts the FeS to form FeO which is removed as slag. After the removal 
of iron a part of CuS is oxidised to CuO and Cu;SO, which react with the rest of CuzS to produce Cu by 
و‎ 2Cus$ + ЗО; (ой) — 2CujO + 2502 f. 

Соз5 + 2Cu;O = 6Cu + SO; f. 
(4) Reactions involved in the extrcction of copper : 
(i) During roasting of concentrated cre : The FezS of copper pyrites is oxided to FeS and FeO but Cu;S 


pd CuS, FeS + О; = CuS + 2FeS + SO; 7 
Соз5, Fe83 + 402 = CuS + 2FeO + 350 1 

(ii) During smelting of the roasted ore : The roasted ore contains Cu;S, FeS, FeO and silica. FeS present in 
the roasted ore is oxidised to FeO by the aerial oxygen, which combines with silica to form slag. The slag in molten 
condition is easily separated from molten Cu;S. Соз is collected at the bottom of the blast furnace. This is called 
NS 2FeS + ЗО; = 2FeO + 250, 7 

FeO + SiO; = FeSiO3 

(iii) During bessemerifation : The matte in molten condition is introduced into the bessemer converter where 
blast of hot air is forced in through the molten matte. Here the small amount of FeS present in ће ore is oxidised 
to FeO which combines with silica of the lining to form slag. After the removal of iron, a part of Cu;S is oxidised 
to CuO and Cu;SO,. Cuprous oxide and cuprous sulphate thus produced react with rest of the Cu;S to produce 
metallic copper. ос, + 30, = 2Cu,0+ 25027; Cus + 202 = CuSO, 

Cu;S + 2Cu,0 = 6Cu + SO; ; CuS + CuSO, = 4Cu + 250, 

(5) Collection of metal : The metallic copper produced by the self reduction of Cu,S, settles down at the 
bottom of the converter in molten state. The converter is tilted and the molten copper is poured off into sand 
moulds. 


(6) Names of the by-products and their uses : (i) Sulphur-dioxide— During the roasting of concentrated 
copper pyrites, sulphur dioxide is obtained as by-product which is used in the manufacture of H;SO, by contact 


process. 
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(i) Ferrous silicate (FeSiOs) (slag}— It is obtained as by-product. It is used in road making. : 
(ii) Gold, silver, platinum are deposited below the anode as anode mud during the electro-refining of blister 
copper. These precious metals are recovered from the anode mud. 


Copper pyriles- cu;s, FesSa 


0 


Concentration: ой 
floatation process 


Powdered ore 


-—— Air 


Crushing 
Sodium xanthate: 
+ Pine oil 


Cone. ore 
Я саспоп»: 
Siliceous material CujS,Fe;Sy Ore Cu; S 2FeS 50] 


7 Сиг5,Ғез5з+40;=Си,5+2Ре0+35021 
a 
D CCS 
soln, «ан 1 


B 
о == Es Air ^ Ғе0,ғеѕ,6102 \ 
Blister Cu < 


5 i Reactions : 
Ration O Self reduction dag зо; OWO 290 
TM Сиг0+Ғе5 =Сиг5+ Fe 
2Си;5+30;=2Сиг0+ 280; НЕС ай) 


Сиг5+2С0:0<6Си+502 


Cu 


Purification electro 
refining. 


Fig. 6.6 : Extraction of Cu from copper pyrites 


6.3. Properties of copper. 

(A) Physical properties : Copper is a lustrous metal having a characteristic red colour. Its 
specific gravity is 8.86. It is good conductor of heat and electricity. It is highly malleable and 
ductile and so it can easily be made into thin sheets or fine wires. Its m.p. and b.p. are 1083°C 
and 2820°C respectively. 

(B) Chemical : 

(1) Action with air : (a) Completely dry air has no action on metallic copper, but when 
copper is left exposed to moist air having CO), a thin layer of cupric oxide and cupric sulphide 
is formed on its surface, which is converted to green layer due to the formation of basic copper 
sulphate CuSO,, 3Cu (OH); and basic copper carbonate CuCO;, Cu (OH); called verdigris. 
This is due to the fact that the SO; present in air reacts with copper in presence of aerial O; and 
moisture to form basic copper sulphate. 


8Cu + 69,0 + 2S0» + 50, = 2[CuSO,, 3Cu (OH);] 
СО, and O: of air in presence of moisture react with copper to produce basic copper 


fastu. 2Cu + HO + CO; + O; = CuCO;,Cu(OH); 


(b) On being strongly heated in air or oxygen, copper is oxidised to produce black cupric 

oxide. At above 1100°C the produced CuO is decomposed to give red cuprous oxide. 
below 1100°C above 1100°C 
2Cu кодек aloe o, XS pg ru» sc OE Ost 

(2) Action with water : Even in red hot condition copper does not react with water or steam. 
However, zinc copper couple liberates H, from hot water. 

(3) Action on acids : (a) As copper is less electro-positive than hydrogen, it can not replace 
hydrogen from dilute or conc. НСІ and dilute sulphuric acid in absence of air. But in presence 
of aerial О», copper dissolves in dil. or conc. НСІ and dil. H9SO,. 


2Си + 4HCI + О; = 2СиС1; + 29,0; —2Cu-2H;SO, + О, = 2CuSO, + 2H20. 
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Copper dissolves slowly in highly concentrated HCI with the evolution of H; and the 
formation of H; [CuCl,]. On dilution with water, cuprous chloride is thrown out as a white 
precipitate. 

2Cu + 8HCI = 2H; [CuCl] + HT - 2Hs[CuCL] = CuCl, + 6HCI 

(b) With hot and conc. Н;$О it reduces H;SO, to sulphur dioxide, itself being oxidised 

to CuSO,. 0 +6 2 ч 
Си+ 29,50; = CuSO, + SO, + 2Н›О. 
(c) With nitric acid : (i) Hot and conc. HNO;reacts with copper to form cupric nitrate with 


the evolution of brown fumes of nitrogen dioxide. 
0 +5 +2 + 


Cu + 4HNO; = Cu(NO;); + 2NO; + 29,0 
(iii) Moderately strong nitric acid reacts with copper yielding cupric nitrate and nitric 
oxide. o +5 E 2 
3Cu + 8HNO; = 3Cu(NO,), + 2NO + 4H;O 
(iv) Cold and very dilute HNO; reacts with copper to form cupric nitrate and nitrous oxide 
(laughing gas). 0 45 E + 
4Cu + 10НМО; = 4Cu(NO;): + N20 + SHO 
(v) Vapours ofnitric acid react with red hot copper yielding black cupric oxide and nitrogen 


gas. 0 5 42 0 


5Си + 2HNO; = 5CuO + № + HO 


e Metallic copper dissolves in nitric acid but not in hydrochloric acid or in dil. HSO, Explain why ? 
As Cu is less electro-positive than hydrogen, it is not possible for Cu to replace the hydrogen from non- 
oxidising acids like HCI or dilute HSO,. But nitric acid is a strong oxidising acid, consequently HNO; at first 
oxidises Cu to CuO. As CuO is a basic oxide, it reacts with the rest of HNO; to form cupric nitrate and oxides 
of nitrogen according to the concentration of HNO;. 
2HNO; = НО + 2NO;«O 
Cu +O = CuO 
CuO + 2HNO = Cu (NO; + HO 
АНМО; + Cu = Cu (NO3)2 + 23О + 290 


(4) Action on alkalis and formation of complex salts. 
(a) Alkalis do not react with copper but it dissolves in concentrated ammonium hydroxide 
in presence of oxygen yielding a deep blue solution of cuproammonium hydroxide—a complex 


лышат 2Cu + SNH; + 2H;O + O» = 2Cu(NH;)(OH);. 
(b) Copper dissolves in concentrated solution of potassium cyanide or sodium cyanide to 
form di cyano cuprate (1) ion, with the liberation of H2. 
2Cu + 4KCN + 29,0 = 2K[Cu(CN);] + Н + 2KOH 
However, in presence of air (O2) copper dissolves to form the complex ion tri cyano cuprate 


(1) ion without the evolution of Hy 
4Cu + 12КСМ +2H20 + O» = 4K>[Cu(CN)s] + 4KOH 


(5) Action with non metals : 
(a) Copper directly combines with chlorine to form cupric chloride. 
Cu + Cl; = CuCls 
(b) On being heated with sulphur, it yields black cupric sulphide. 
Си + S = CuS 
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(6): Reducing action of copper : 
(a) Metallic copper reduces conc. H5SO, to sulphur dioxide. 
Cu + 29,50; = CuSO, + SO; + 290 
(b) Copper also reduces nitrous oxide and nitric oxide to nitrogen in hot condition. 


+1 0 +2 u 
NO + Cu = СиО + № ; 2NO + 2Cu = 2CuO + N; 
(c) It reduces solution of ferric salts to ferrous salts. 


+3 +2 
FexSO4) + Си = CuSO, + 2FeSO4 


(7) Displacement reactions : 
Copper displaces metals which are less electro-positive than copper e.g., Hg, Ag. Au etc., 
from the solutions of their salts. Thus mercury is displaced by Cu from HgCl» solution. 


HgCl + Cu = CuCl, +Hgl; 2AgNO; + Cu = Cu(NO3); + 2Ag 1 


6.4. Uses of Copper. 

Copper is most useful metal because of its stability in air and Water, and excellent electrical 
conductivity. It is used 

(i) in the manufacture of electrical wires, cables, plug, switches and other electrical 
equipments; 1 

(ii) for making boilers, steam pipes, calorimeters, heating utensiles. 

(iii) Copper salts are used for electroplating and electrotyping. 

(iv). Copper is used as а coinage metal and in making ornaments; 

(v) in the laboratory for the preparation of SO;, CuSO, etc. 

(vi) for the manufacture of various useful alloys. 


Some important alloys of copper along with their compositions and uses are given below— 


Alloys Composition in percent Uses 
(1) Brass Cu 70% + Zn 30% for casting , for 
making utensils, 
and condenser tubes etc. 
(2) Bronze 88—96% Cu + 4—12% Sn for making utensils 
coins, statues etc. 
(3) Monel Metal Cu 27% + Ni 68% + Fe 5% for making pumps, 
turbine of ships, boilers etc. 
(4) Bell Metal Cu 80% + Sn 20% for making utensils, 
bell and statue 
(5) Aluminium bronze Cu 90% + Al 9.5% + Sn 0.5% for making coins, photo 
frames and golden paints 
(6) German silver Cu 50% + Zn 30% + Ni 20% for making flower vases 
ornaments etc. 


е Prove that monel metal contains copper : 

A piece of monel metal is taken in a basin and is dissolved in conc. HNO;. The solution thus obtained is dried 
by heating the basin with the solution in a water bath. The dry residue contains the nitrates of different metals 
of which monel metal is composed. The residue is heated strongly when the nitrates are decomposed to give the 
oxides. The oxides are dissolved in dilute HCl and the solution thus obtained is boiled and then H;S gas is passed 
through it when a black precipitate is obtained. The black precipitate is collected by filtration. The precipitate is 
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then boiled with HNO; when the precipitate dissolves. To the solution thus obtained, excess of NH,OH is added 
when a deep blue solution is obtained. This deep blue solution is cuproammonium salt. This proves the presence 
of copper in monel metal. 

Cu + 4HNO; = Cu(NO3)2 + 2NO; + 2H;O ; 


2Cu(NOs)2 = 2CuO + 4NO; + О; 
CuO + 2HCl = CuCl, + HO ; CuCl + HS = CuS 4 + 2HCI 
black ppt. 


CuS + 2HNO3 = Cu(NOs)2 + Н;5; 
Cu(NO3)2  2NH,OH = Cu(OH)2, Cu(NOs)2 + 2NH4NO; 
Cu(OH)2, Си(МО;);  2NHJNO; + 6NH,OH = 2[Cu(NHs)4] (NOs) + 8H:0 
deep blue soln. 
6.5. Compounds of copper. 

Copper gives two series of compounds — cuprous and cupric. In cuprous compounds, 
copper is monovalent and in cupric compounds it js divalent. Cuprous compounds are 
less stable than cupric compounds. In some complex compounds copper exhibits trivalency 
e.g., Ka[CuF;]. Due to the increased nuclear charge and less atomic radius, covalency is more 
prominent in copper compounds than electro-valency. 

1. Cuprous oxide (СиО) : 

[A] Preparation : (1) A solution of copper sulphate is made alkaline with KOH solution 
and the solution is boiled with glucose which acts as reducing agent, when the cupric sulphate 
is reduced to give cuprous oxide. The red precipitate of cuprous oxide is collected by filtration, 


Vased ano stie. CuSO; + 2KOH = K580, + Cu(OH); 
2Cu(OH)> + СНО = СО 1 + СНО + 290 


gluconic acid 


(ii) Cuprous oxide may also be obtained by strongly heating (over 1000°C) cupric oxide 
with metairic copper. CuO + Cu = СиО or by heating copper or CuO to around 1000?C. 


4Cu + O5 2 2800 ; 4CuO = 2Cu50 + О, 
[B] Properties : (i) Itis red powder. (ii) Cuprous oxide isa basic oxide. (iii) Оп being heated 
in air it is oxidised to give cupric oxide which is black. 
2Cu;0 + О, = 4CuO 
(iv) Cuprous oxide is insoluble in water but dissolves in dilute hydrochloric acid yielding 
cuprous chloride and water. CuO + 2HCI = CuCl + НО 
It reacts with dilute HSO, and HNO; yielding metallic copper and corresponding cupric 
Bos Cu;O + Н›$О; = Cu + CuSO, + H0; 
CuO + 2HNO; = Cu + Cu(NO3)2 + H20 
With conc. HSO, it gives cupric sulphate and SO; . 
CujO + 3H2SO, = 2CuSO, + SO, + ЗНО 
With conc. HNO; it gives cupric nitrate and NO;. 
СиО + 2HNO; = Cu + Cu(NO4); + НО 
Cu + 4HNO; Cu(NO3); + 230 + 290 


CuO + 6HNO;= 2Cu(NO); + 2NO; + 3H20 
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(v) Cuprous oxide dissolves in strong ammonia in absence of air yielding amino cuprous 
hydroxide which is a colourless complex compound. 


СиО + 4NH4OH = 2[Cu(NH3);]OH + 3H20. 
[C] Uses : It is used to produce red coloured glass and enamel and as a rust preventing 
pigment. 
2. Cupric Oxide (CuO) : 
[A] Preparation : Cupric oxide is prepared by strongly heating cupric nitrate or cupric 
carbonate or cupric hydroxide, 


2Cu(NO4); = 2CuO + 4NO» + О, ; CuCO; = CuO + СО, T 
Cu(OH); = СиО + H20 
It can also be prepared by strongly heating powdered metallic copper іп oxygen. 
2Cu + О; = 2CuO 


[B] Properties : Cupric oxide is black powder. It is insoluble in water. It is a basic oxide 
and so it reacts with dilute or concentrated acids giving the corresponding cupric salts. 


CuO + H;SO, = CuSO, + HO 
CuO + 2HNO; = Cu(NO;)) + HO 
CuO + 2HCI = CuCl, + HO 
On being heated with hydrogen, carbon or carbon monoxide, it is reduced to metallic 


ФРИШ СиО + Hi = Cu + HO; ^ СиО+СО=Си+СО» 
CuO + C = Cu + CO 


At above 1000°C it is decomposed to give cuprous oxide and oxygen. 4CuO = 2Cu,0 + О, 
Cupric oxide dissolves in a concentrated solution of ammonia producing a deep blue solution 
of tetra amino cupric hydroxide [Cu(NH;), (OH);. This solution is known as Schweitzer’s 
reagent. 


CuO + HO + 4NH; = [Cu(NH;),](OH), 

[C] Uses : It is used (i) in the manufacture of coloured glass and different copper salts; 
(ii) in petrolium refining and (iii) in silk industry. 

3. Cuprous hydroxide Cu;(OH);. 

[A] Preparation : When cuprous chloride solution acidified with hydrochloric acid, is 
treated with excess of caustic soda or caustic potash solution, yields a light yellow precipitate 
OF cuprous hydroxide. С + 2KOH = Cur (OH), + 2KCI: 

It is unstable solid and readily converted to red cuprous oxide when heated. 

Cu,(OH), = Cu;O + HO 

4. Cupric hydroxide [Cu(OH);] : 


[A] Preparation : When an excess of caustic soda or caustic potash is treated with solution 
of cupric salts, light blue precipitate of cupric hydroxide is obtained. 


CuSO, + 2NaOH = Cu(OH), 1 + Na,SO, 
CuCl, + 2KOH = Cu(OH), 1 + 2KCI 
[B] Properties : It is light blue solid and insoluble in water. It dissolves in all acids with 
f i i 
the formation of cupric salts, Cu(OH), + 2HCI = CuCl, + 2H,0 
Cu(OH), + 2HNO; = Cu(NO); + 2H,0. 
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It readily dissolves in excess of ammonia with the formation of a deep blue solution of 
tetra amino cupric hydroxide. This deep blue solution is known as Schweitzer's reagent. 
Cu(OH); + 4NH,OH = [Cu(NH;),](OH), + 4H;O. 
[C] Uses : Schweitzer’s reagent is widely used in making artificial silk and as a solvent for 
cellulose. 


5. Cuprous chloride (Cu;Cl; or CuCl) : 

[A] Preparation : Cuprous chloride is obtained by heating mercuric chloride or cupric 
chloride with copper turnings. 

Cu + CuCh = Cu3Cl; ; HgCl; + 2Cu = CuCl + Hg 

(b) Cuprous chloride may also be obtained by reducing the aqueous solution of cupric 

chloride by SO; or nascent hydrogen. 
2CuCl, + SO; + 2H;0 = Cu;Cl;  H;SO, + 2HCI 
2CuCl, + 2H = CuCl; + 2HCI. 


[B] Properties : (i) It is white crystalline solid. (ii) Itis insoluble in water or in very dilute 
НСІ, (iii) It is soluble in conc. HCI. It dissolves in conc. НСІ with the formation of a complex 


compound. 
Р Cu;Cl; + 6HCI = 2H3[CuCly] 
(iv)Itdissolvesin ammonia with the formation ofa colourless complex, di-ammine cuprous 


chloride. 
Cu;Cl; + 4NH,OH = 2[Cu(NH;);]CI + 4H;O 

This colourless complex, on absorbing О» is converted to cupramine chloride 
[Cu(NH3);]CI. 

(v) Carbon monoxide is absorbed in cuprous chloride solution yielding an addition 
compound 2[CuCI, CO 2H50]. 

(vi) Ammonical cuprous chloride solution absorbs acetylene gas with the formation of a 
red precipitate of copper acetylide. 

СН, + CuCl = ССш 4 + 2HCI 

[C] Uses : Ammoniacal cuprous chloride solution or a solution of cuprous chloride 

acidified by НСІ is used in gas analysis to absorb oxygen, CO and C,H). 


6. Cupric chloride [CuCL, 2H20] : 

[A] Preparation : (a) Cupric chloride is prepared by the action of cupric oxide or cupric 
carbonate with hot and conc. НСІ. The resulting solution on concentration and subsequent 
cooling yields hydrated cupric chloride CuCl, 2H20: 

CuO + 2HCI = CuCl, + HO 
CuCO; + 2HCI = CuCl, + CO) + HO 

(b) Anhydrous cupric chloride is prepared by heating the hydrated cupric chloride to 150°C 

in a current of dry hydrogen chloride gas or by passing dry chlorine over heated metallic 


copper. " 
CuCh,2H;0 15065 Cuch; ^ Cus Ch = CuCl; 
HCl gas 
[B] Properties : (i) The hydrated cupric chloride is green crystalline solid. (ii) Itis soluble 
in water and alcohol. 
(iii) On being heated it is thermally decomposed to give cuprous chloride and chlorine. 


2СиС1› = Си;С1› + Cb 
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(iv) When the aqueous solution of cupric chloride, acidified with HCl, is boiled with 
metallic Cu or zinc dust or SO; or stannous chloride, itis reduced to cuprous chloride. 


CuCl, + Cu = СС 
2CuCl + Zn = CuCl + ZnCl; 
2CuCl + SO; + 290 = Cu;Cl; + Н50; + 2HCI 
2CuCl + SnCly = Си;С1› + SnCly 
(v) When excess of ammonia is passed through CuCl, solution, a deep blue solution of 
cupro ammonium chloride is obtained. 
2CuCl; + 2NH4OH = CuCl, Cu(OH); + 2NH4CI 
CuCl, Cu(OH); + 2NH4CI + GNH4OH = 2[Cu(NH3);]Cl + 8H,0. 
[C] Uses : It is used as a catalyst in the manufacture of chlorine by Deacon's process. 


7. Cupric nitrate [Cu(NO3)2, 3H50] : 


[A] Preparation : Cupric nitrate is prepared by dissolving metallic copper or cupric 
oxide or copper carbonate in dilute nitric acid. The blue crystals of cupric nitrate are obtained 
by concentrating and cooling the resultant solution. 


3Cu + 8HNO; = 3Cu(NO3); + 2NO + 4H20 
CuO + 2HNO; = Cu(NO;) + О 
CuCO; + 2HNO; = Cu(NO3); + CO; + H20. 
[В]. Properties: (i) Cupric nitrate is a blue crystalline and deliquescent solid. (ii) It is 
soluble in alcohol and water. 
(ii) On being heated, at first it loses its water of crystallisation and on heating further, it 
decomposes to give black cupric oxide, nitrogen dioxide (brown gas) and oxygen. 
2Cu(NO3) = 2CuO + 4NO; + O2 
Cupric nitrate undergoes hydrolysis in water and the resulting solution becomes acidic, 
Cu(NO3); + 2H50 = Cu(OH), J + 2HNO; 
[C] Uses : It is used as an oxidant. 


8. Cupric sulphate or blue vitriol [CuSO,4, 5H;0] : 

[A] Preparation : (1) In the laboratory, cupric sulphate is prepared by heating copper 
turnings with conc. H»SO, or by dissolving cupric oxide or cupric carbonate or hydroxide in 
dil. H>SO,. The resulting solution thus obtained is concentrated and then slowly cooled when 
blue crystals of blue vitriol CuSO;, 590 are obtained. 


Cu + 2H5S0, = CuSO, + SO; + 290 
CuO + H5S0, = CuSO, + HO 
CuCO; + H;SO, = CuSO; + СО, + Н›О. 

(2) From scrap copper : Calculated amount of sulphur is mixed with the scrap copper and 
the mixture is heated in a reverberatory furnance, when copper combines directly with sulphur 
to produce. copper sulphide. The copper sulphide thus obtained is then roasted in the 
reverberatory furnace in a current of air when copper sulphide is oxidised to yield copper 
sulphate. The residue is boiled with water and the solution is filtered. The filtrate is made 
concentrated and cooled when crystals of blue vitriol are separated from the solution which is 


separated by filtration. Cu S- Си; Cus + 20; = CuSO. 


COPPER, SILVER AND THEIR COMPOUNDS 147 


(3) From copper pyrites or chalcopyrites (Cu;S, Fe2S3) : Copper sulphate is manufac- 
tured from copper pyrites.The copper pyrites oreis gently roasted in a controlled current of air 
and at a regulated temperature when Сиз is oxidised to copper sulphate and Fe-S; is oxidised 
(о ferric oxide. The roasted mass after cooling is extracted with water, when copper sulphate 
goes into solution and ferric oxide remains undissolved. The insoluble products are separated 
from CuSO, solution by filtration. The filtrate on being concentrated and cooled, yields blue 
crystals of blue vitriol. 


2Cu5S, Fe2S + 150» = 4 CuSO, + 2Fe504 4- 4505 T 

Copper sulphate crystals thus obtained contains a little isomorphous crystals of FeSO;. 
Copper sulphate is freed from ferrous sulphate by its recrystallisation from water containing 
a little nitric acid, when ferrous sulphate is oxidised to ferric sulphate. Ferric sulphate being 
more soluble remains in the solution and crystals of blue vitriol, CuSO4, 5H20 are separated 
by filtration. 

[B] Properties : (i) Copper sulphate is a blue crystalline solid having 5 molecules of water 
of crystallisation on each molecule. 

(ii). It is soluble in water but insoluble in alcohol. 


(iii) When hydrated copper sulphate is gradually heated, it begins to lose its water of crys- 
tallisation. 


(a) At 100°C it loses 4 molecules of water of crystallisation and is converted to bluish white 
mono hydrate (CuSO4, H0). 

(b) At 250*C it loses all the water of crystallisation and anhydrous copper sulphate 
(CuSO,) is obtained as white powder. 

(c). At 750°C the anhydrous copper sulphate is thermally decomposed to give black cupric 
oxide and sulphur trioxide. 

The white anhydrous copper sulphate in contact with water reverts to crystalline blue penta 


hydrate. 
100°C 250°C 750°C 


CuSO,, 590 —7 5 2 CuSO,, HO o —> CuSO — CuO + SO, 
deep blue А bluish white white black 
crystals powder 


(iv) Excess of caustic soda solution reacts with copper sulphate solution to yield the bluish 
white precipitate of cupric hydroxide. Yt is slightly soluble in concentrated alkali due to the 
formation of sodium tetra hydroxo cuprate (11). 

CuSO, + 2NaOH = Cu(OH); +  Naj50,; 
Cu(OH); + 2NaOH = Na;[Cu (OH);] 

(v) When ammonia is gradually added to copper sulphate solution at first a bluish white 
precipitate of basic copper sulphate is obtained. This bluish white precipitate of basic copper 
sulphate dissolves in excess of ammonia to give a deep blue solution of cupro ammonium 


pics 2CuSO,  2NH,OH = CuSO,, Cu(OH); Û + (NH.),SO; 
Basic Cu sulphate 
CuSO,, Cu(OH); + (NH,)2SO, + 6NH,OH = 2|Си (NH3),]SO, + 890 
(vi) When potassium cyanide solution is added to: CuSO, solution, white precipitate of 
cuprous cyanide is first obtained with the evolution of cyanogen gas. The white precipitate of 


cuprous cyanide dissolves in excess of potassium cyanide solution producing a colourless 
complex salt potassium tetra cyano cuprate (1). 
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2CuSO, + 4KCN = 2Cu(CN); + 20.50. 
2Cu(CN); = 2CuCN + (CN); t 
2CuCN + 6KCN = 2K; [CuCN).] 


ج ier ten ire ONT SE‏ کے 
2CuSO, + 10КСМ = 2Ks[Cu(CN),] + 2K2SO, + (CN): T‏ 


(vii) Potassium iodide solution reacts with the solution of copper sulphate yielding a white 
precipitate of cuprous iodide with the liberation of iodine. 


+2 +l 
2CuSO, + 4KI = 2К›$О, + Сш + lz 
(viii) It undergoes hydrolysis in its aqueous solution and the resulting solution becomes 


mo CuSO, +2H;0 == Cu(OH); J + 2H* + SOT 
(ix) When copper sulphate solution is treated with potassiunt or ammonium thiocyanate, 
a black precipitate of cupric thiocyanate is readily obtained. 
CuSO, + 2NH,CNS = Cu(CNS); + (МН,)›5О, 
black ppt 
Cupric thio cyanate is reduced to give the white precipitate of cuprous thio cyanate when 
SO; gas is passed over the black precipitate of cupric thiocyanate. 
2Cu(CNS); + SO; + 2H;O = 2CuCNS 1 + H;SO, + 2HSCN 
while ppt 
(x) With potassium ferrocyanide solution, it forms a reddish brown precipitate of cupric 


FONE: 2Си$О, + KiF&(CN);] = 2K;S0, + Cus[Fe(CN)«] 
Reddish brown рр! 

(xi) Action on electro-positive metals : When metals like Mg, Al, Zn, Fe etc., which are 
more electro-positive than copper, are added to an aqueous solution of CuSO,, the more 
electro-positive metals go into the solution displacing Cu from CuSO,, whichis obtained as red 
precipitate. с + Zn = ZnSO, + Cu 1; CuSO, + Fe = FeSO, + Cu 4 

(xii) The blue colour of CuSO, solution is discharged when sodium thiosulphate solution 
is added drop by drop to it, the reduced product being cuprous sulphate. 

2Na;S;0, + 2CuSO, = NapS,O¢ + Na2SO,  CujSO,. 

The white CuSO, dissolves in excess of sodium thiosulphate solution to form sodium cupro 
thiosulphate. However, when the latter is boiled it undergoes hydrolysis to form a black 
precipitate of cuprous sulphide. 

CuSO, + Na;$;0; = Си;$;О; + №50, 
3Си›$;О; + 2Na;S;0; = Na[Cug($205)s] 
Си,5,0; + H;O = Cu2S + H;SO, 
(xiii) When Н, gas is passed into acidified hot CuSO, solution a black ppt of CuS is 


formed. 
QE CuSO, + HS = CuS + H,SO, 


[C] Uses : Copper sulphate is used, (i) in the preparation of Bordeaux mixture (CuSO, 
solution + lime) which is extensively used for dusting vines and potatoes; (ii) in agriculture as 
a germ killer and fungicide; (iii) an an electrolyte in electro-plating, electro-typing and in the 
electro-refining of bister copper; (iv) incalico printing and dyeing; (v) anhydrous CuSO, is used 
for detecting traces of moisture in gases or organic liquids e.g., alcohol; (vi) as a laboratory 
reagent; (vii) in Danial cell; (viii) Itis used in preparing Fehling’s solution used in the detection 
of aldelydes and estimation of glucose. 
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9. Basic Copper Carbonate [2CuCOs, Cu(OH);] : 

The cuprous carbonate does not exist. Normal copper carbonate is also unknown,— only 
basic copper carbonate is known. 

It is prepared by adding sodium carbonate solution to an aqueous solution of any cupric salt 
when a green precipitate of basic copper carbonate is obtained. It is used as a pigment. 
10. Verdigris or basic copper acetate—Cu;O(CH; СОО), blue, 2CuO, 2Cu(CH;COO); 
green. It is used in dyeing and as insecticide, fungicide and pigment. 

e Difference between cupric and cuprous salts—how to identify cuprous and cupric salts. 


(1) Most of the cupric salts are generally soluble in water. The cuprous salt are generally insoluble in 
water. 


(2) (a) On addition of NaOH solution Ю ап aqueous solution or acidified solution of cupric salt, а bluish white 
precipitate of cupric hydroxide is obtained, which dissolves in excess of NH4OH solution with the formation of 
a deep blue solution of cupro ammonium hydroxide. 


CuCl, + 2NaOH = Cu(OH), 1  2NaCl 
bluish white ppt 


Cu(OH]; + 4NH,OH = [Cu(NH;];]|OH]; + 490 
deep blue soln. 


(b) On addition of NaOH solution to a solution of cuprous salt, a pale yellow precipitate of cuprous 
hydroxide is obtained, which dissolves in excess of NH,OH giving a colourless solution of di ammino cuprous 
hegre Си; + 2NaQH = Со ОН), + 2NaCl 

pale yellow ppt 
Си{ОН); + ANH4OH = 2[Cu(NH3);]OH + AHO 
(6) Cuprie hydroxide on being strongly heated yields a black residue of cupric oxide. 
Cu(OH) = CuO + НО. 
Cuprous hydroxide on being heated strongly yields a red residue of cuprous oxide. 
СОН), = CuO + ЊО. 1 

ө Detection of copper or Си** ion іп its compounds : i 

(1) Dry tests : 

(a) Charcoal reduction test : When a copper salt is mixed with sodium carbonate in the 
ratio 1 $ 3 by weight and the mixture is heated on a charcoal block in a reducing flame, à red 
scale of metallic copper is obtained on the charcoal. Itis dissolved in nitric acid and the resulting 
solution is boiled for some time, then excess of NH,OH is added to the solution when a deep 
blue solution of cupro ammonium salt is obtained which confirms the presence of Cu in 
the salt. 

(b) Borax bead test ; When a copper salt is heated on a borax bead in oxidising flame of 
a burner, a transparent blue bead is obtained. The bead becomes opaque red when it is heated 
in a reducing flame. 

(c) Flame test : A platinum wire is dipped in conc. НСІ and then the wire is touched with 
a copper salt and held in a non luminous bunsen flame. The colour of the flame becomes bluish ` 
green. 

(2) Wet tests : 3 

(a) An aqueous solution of a copper salt is acidified with dilute HCI and is boiled. Then H:S 
gas is passed through this solution when а black precipitate (CuS) is obtained. This precipitate 
is.dissolved in 1 $ 3 HNO? and then NH,OH is added to the solution. At first a bluish white 
precipitate is obtained, which dissolves in excess of NH,OH yielding a deep blue solution of 
cupro ammonium complex. j 


CH-IU31 
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(b) Potassium ferrocyanide solution on being added to an aqueous solution of a copper salt. 
yields a chocolate coloured precipitate of cupric ferrocyanide. 
2CuSO, + K4[Fe(CN);] = Cu;[Fe(CN);] + 2K2SO, 
F Chocolate brown ppt 
9 Preparation of different compounds of copper starting from metallic 
copper and their inter conversions : 
Metallic _ HNO: Cupric Heat. Сиргіс HCl Cuprc _ Сил. Cuprous 


" €—» 3 7 б _—› H 
copper nitrate “HNO, oxide NaOH + Heat chloride chloride 
Cu Cu(NO3 CuO CuCl, s Cu,Cl, 
i: NaOH 
нен, но, soln. pat 
Cupric HS Coprc _ NaOH, Cupric Heat oxide 
sulphide < sulphate irs, ^ hydroxide c 
CuS CuSO, Суон) 
glucose excess à 
[e ajs NaOH IE NH,OH КІ Na;CO; 
Cuprous Cuprous CuO Metallic Cupro Cuprous Basic 
cyanide oxide VA copper aroun iodide Copper Бе 
CuCN CuO Cu sec Cui; carbona 
[Cu(NH3),JSO, 2CuCO3, Cu(OH); 


€ To prove the presence of copper in any copper salt : 

The given salt is mixed with NajCO; in the ratio 1 3 3 by weight and the mixure is heated on a charcoal block 
in reducing flame of a burner when red scales are found to be left on the charcoal. The red scales are dissolved 
in dil HNO; and the solution is boiled for some time. Then excess of NH,OH is added to the solution when a deep 
blue solution of cupro ammonium salt is obtained. This confirms the presence of Cu? ion in the given salt. 


CuSO, + NazCO, = СОСО) + Мо;5Оу; CuCOs—*> CuO + CO, 1 
CuO + C = Cu + CO; 3Cu + ВНМО, = 3CulNO:); + 2NO + AHO 
'— red'scale 


2Cu(NO3)2  2NH4OH = Cu(NO;), Cu(OH); + 2NH,NO3 
Cu[NOs3)2, СОН),  2NH4NO; + 6NH,OH = 2[Cu(NHs)4](NOz)2 + 8H;O. 
ecd Deep blue Soln. 

€. Prove that cupric nitrate contains N3 : 

«It is heated strongly when a brown gas evolves, This gas is passed over heated Cu when a colourless gas 
evolves . This даз is passed over heated Mg when a white residue is obtained. This on treatment with boiling water 
evolves ammonia. Thus itis proved that the white residue is magnesium nitride which is produced by the action 
of the colourless gas on Mg. So the colourless gas is № and this Nz has come from Cu(NO3)2. 

2Cu(NOs)2 = 2CUO + 4NO2+O2; 2МО, + 4Cu = 4CuO + № T 
“Mg + № = MgsNo; Маз + 6H;O = 3Mg(OH + 2NH; 7 

@ Prove that copper sulphate contains sulphur : 

Copper sulphate is heated to 750°C when it is thermally decomposed to give CuO and SO; gas. The evolved 
gas is collected and further heated to 850°C and the resulting gas is passed through water fill itis saturated with 
the gas. The aqueous solution of the gas is takerra closed glass bulb ond is heated to 150°C when a yellow solid 
is precipitated. It is collected and burnt in air when a suffocating gas having the smell of burning sulphur is 
obtained. This gas when passed through an acidified solution of orange coloured K;Cr;O;, the colour of the 
solution turns green. Thus it is proved the suffocating gas is SO which is produced by buring of the yellow 


precipitate. So the yellow precipitate is sulphur and this sulphur has come from copper sulphate. 


cuso, 2S, суо +50,7;:: 250, 2206 250, +0, 


SO: + HJO = 503;  3H,SO3 = 29,50,+ S J + HO 
5+0, = 50,. 
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@ Silver (Argentum) [Ag] © 
6.6. Occurrence of Silver. 

As silver is much less electro-positive metal, it is found in the free as well as in combined 
state in nature. The important ores of silver are— 

(1) Silver glance or Argentite (AgS), (2) Horn silver (AgCI), (3) Ruby silver (3Ag2S, 
5,53), (4) Silver copper glance or stromeyerite (Ag;S, CuS). Since AgS and PbS are 
isomorphous, lead ore galena is always. found to contain silver. Argentiferous galena contains 
about 0.01—0.1% silver. It is an important source of silver. n 


6.7. Extraction of silver. 

[1] Extraction of silver by cyanide process : Metallic silver is extracted by this process 
from silver glance (Ag2S). This process is based upon the reactions of silver glance with sodium 
cyanide to give a soluble complex and then to precipitate metallic silver by adding zinc-scrap 
to the produced solution. à 

(i) Concentration of the ore : Silver glance is crushed to powder and the powdered ore is 
concentrated by oil floatation process. 

(ii) Treatment of concentrated ore with sodium cyanide : The concentrated silver glance 
is then treated with 5% solution of sodium cyanide in presence of air. AgS of silver glance 
reacts with NaCN to form a precipitate of silver cyanide. On the addition of excess of sodium 
cyanide, the produced AgCN goes into the solution to form а soluble complex sodium argento 
cyanide. The aerial oxygen converts the produced NaS to NaSO; and thus the backward 

reaction i. ted. 
reaction is prevented ApS42NaCN = 2AgCN 1+ Nass. 
AgCN + NaCN = Na[Ag(CN);] 
sod argento cyanide. 
4Na,S + 50; (air) + 290 = 2Na;SO, * 4NaOH + 2S 


(iii) Precipitation of silver : As zinc is more electro-positive than silver, consequently 
zine dust is added to the sodium argento cyanide solution when metallic silver is displaced by 
more electro-positive metal zinc and thus Ag is precipitated. 

` 2Na[Ag(CN);] + Zn = Na[Zn(CN)4] + 2Ag {. 

(iv) Electro-refining : Metallic silver thus obtained contains impurities like Zn, Cu, Au etc. 
It is purified by electro-refining process. The electrolytic bath contains AgNO; solution with 
10% HNO}. Impure silver sheets are used as anode and thin sheets of pure silver are used as 
cathode. As electric current is passed through the electrolyte, the anode gradually dissolves 
and pure silver is deposited on the cathode. Impurities like Zn and Cu go into the solution while 
gold settles down at the anode as anode mud. 

(у) Reactions involved : AgNO; = Ag* + NO: 

Atanode : Ag e — Agt,  Atcathode : Agt+e— Ag. 

[2] Extraction of silver from Argentiferous lead (Parke's process) : (i) This process is 
based upon the facts that, (a) in molten state zinc and lead are immiscible, because zinc being 
lighter than lead, forms the upper layer. (b) Silveris more soluble in molten zinc than in molten 


lead. (c) On cooling zinc-silver alloy solidifies more quickly than molten lead. (d) As zinc is 
more volatile than silver, it is easy to separate silver from zinc simply by fractional distillation. 
Lead ore, galena is generally contaminated with silver. Lead sulphide containing Argentite 
as impurity is known as argentiferous galena. It contains about 0.01-0.1% of Ag. 
Argentiferous lead is first melted and then molten zinc is added to it, when molten Zn 
combines with the silver in galena and forms Zn-Ag alloy and forms the upper layer of the 


152 ELEMENTS OF CHEMISTRY 


molten mass. It is cooled when Zn-Ag alloy solidifies first which is removed from the molten 
lead. The lower layer of molten lead is again treated with fresh molten zinc and in the same 
process more Zn-Ag alloy is separated from molten lead. 

The Zn-Agalloy thus obtained is then subjected to distillation when more volatile Zn distills 
off leaving behind silver with traces of lead as residue. 

(ii) Purification—Cupellation process : 

Silver thus obtained is purified by Cupellation process. The impure silver is kept in small 
pots made of bone ash and the pots are heated in a reverberatory furnace in presence of blast 
of air. Lead present in the silver is oxidised to PbO which is blown away leaving behind silver 
in the pot. The small pots are called cupel. 

[3] Extraction of silver from coins or ornaments : 

Silver coins or ornaments are nothing but alloy of silver and copper. Consequently by 
removing Cu from the coin or ornament, silver can be recovered. The silver coin or ornament 
is dissolved in nitric acid when silver nitrate and copper nitrate are obtained. 

Cu + 4HNO; = Cu(NO;); 2NO,+ 29,0 
Ag + 2HNO; = AgNO; + NO; + H;O. 

The solution thus obtained is boiled for sometime to remove the excess of HNO3. It is then 
treated with НСІ when silver chloride fs precipitated as thick white precipitate feaving behind 
copper in the solution. Silver chloride is separated by filtration. The residue AgCl is washed 
with water. ; 

The silver chloride thus obtained is converted to metallic silver in the following processes, 


(a) AgCI is reduced by nascent hydrogen to metallic silver. 


Agcl +H ZÛ; Ag J + HCI 


(b) AgCI is reduced to give metallic silver by treating it with Na;CO; solution. 
4AgCl + 2Na;CO; = 4Ag | + ANaCI + 2CO, + О; 


(c) AgClis treated with NaOH when Ag;O is produced. The produced Ag,O is reduced by 
glucose to give metallic silver. ч 


2AgCI + 2МаОН = Ар;О + 2NaCl + HO 
Ag;O + CHO, = 2Ag + CsH),0;COOH 


glucose gluconic acid 


ө Ziervogal's method : 
Inthis method the finely divided sulphide ore of Ag is roasted in air at about 850" C when water soluble Ag2SO, 
is produced. It is lixiviated with water and scrap Cu is added to the hot solution when Ag is precipitated. 
Адг5 + 202 = Ag;SO, 
Ag:SO, + Cu = CuSO, + 2Ag } 
6.8. Properties of silver. 
[A] Physical : Silver is white and lustrous metal. It is a heavy metal having specific 
gravity = 10.5. Its m.p. is 960°C. It is malleable and ductile. It is the best conductor of heat 
and electricity. Molten silver absorbs oxygen and this absorbed О, tries to escape on cooling 
which causes violent spurting. This phenomenon is known as spitting of silver. Itis prevented 
by covering the molten Ag with a layer of charcoal. 
[B] Chemical : 
1. Action on air : Silver is not affected by dry or moist air, but if traces of HS are present 
in air, its surface is covered with a thin black layer of AgS. 
4Ag + 2Н›5 + О, = 2Ag;S + 2H,0. 
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2. (a) Silver combines with sulphur in hot condition with the formation of black silver 


sulphide. 2Ag 4S s AgS 

(b) Silver also combines directly with chlorine in hot condition to form silver chloride. 

2Ag + Cl; = 2AgCl. 

3. Action with acids : Silver does not react with dilute hydrochloric acid, but it is slowly 
attacked by conc. HCl or by hydrogen chloride gas to form silver chloride. 

with conc. Н,50, : 2Ag + 2H,SO, = Ag,SO, + SO, + 2H,O 
with dil. HNO, : 3Ag + 4HNO, =3AgNO, + NO +2H,O 
with conc. HNO, : Ag + 2HNO, = AgNO, +NO,+ H,O 

In presence of oxygen silver reacts with dil. HCI to form silver chloride. 

4Ag + АНС1 + О; = 4AgCl + 2Н;О 

Silver is not attacked by aqua regia (difference from gold). 

4. With NaCN or KCN : In presence of oxygen Ag dissolves in NaCN or KCN solution 
yielding a complex ion of argento cyanide. 

4Ag + 8KCN + 290 + О, = 4K[Ag(CN)2]+ 4KOH 
6.9. Uses of silver. 

(i) It is used in making coins as silver-copper alloy. (ii) Silver amalgam is used in filling 
teeth. (iii) It is used in the preparation of useful silver salts which are used in silvering mirror, 
medicine and in photography. 

6.10. Some useful compounds of silver. 
1. Silver nitrate (lunar caustic) [AgNO;] : 
[A] Preparation : Silver nitrate is prepared by dissolving silver in warm and dilute 


тише 3Ag + 4HNO; = 3AgNO; + NO + 2H20 


[B] Properties : (i) Silver nitrate is a colourless crystalline solid. 

(ii) It is very soluble in water. 

(iii) When silver nitrate comes in contact with skin, clothes etc., it produces a burning 
sensation like that of caustic soda with the formation of finely divided silver which is black in 
colour. This is why silver nitrate is called lunar caustic. 

(iv) Itis thermally decomposed at above its melting point (212°C) to form silver nitrite and 
at red heat it is further decomposed to metallic silver. 


above 
2AgNO; —212°С? 2AgNO; + O; 


2AgNO, > 2Ав +2МО› + O2 
(v) With soluble halide salts it produces the precipitate of insoluble silver halides. 
2AgNO; + BaCl, = Ba(NO:); + 2AgCl ¥ 
(vi) On being treated with NaOH or KOH it produces silver oxide which dissolves in excess 
of NH,OH producing complex ion. 
2AgNO; + 2NaOH, = Ag,0+2NaNO; + НО 
2AgNO; + 2NH,OH = Ag,0+ 2NH,NO; + HO 
Ag0 + 4ANH,OH = 2[Ag(NH3);]OH - + 3H20 
(vii) It reacts with iodine to form silver iodate. 
6AgNO; (excess) + 31 + 3H20 = AglO; + 5Ар1 + 6HNO; 
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(viii) Atordinary temperature itreacts with sodium thiosulphate with the formation of white 
precipitate of silver thiosulphate which gradually changes its colour at first to yellow, then 
brown and finally black precipitate, due to the formation of silver sulphide. 

М№а,5,0; + 2AgNO; = Ag,S,0; + 2NaNO; 
white ppt 
Ag)S,0; + H;O = Ag;S J + Н50, 
f black 


On additon of excess of Na58;0;, the white precipitate of silver thiosu|phate dissolves with 
the formation of a soluble complex compound. 

Ag;8;0; + 3Na;S;0; = 2NaJ[ Ag( S203);]. 

[C] Uses : Silver nitrate is used (i) in silvering mirrors, (ii) in the preparation of inks and 
hair-dyes, (iii) in the preparation silver halides which are used in photography and'in medicine 
and (iv) as a laboratory reagent. 

2. Silver Bromide (AgBr) : 

[A] Preparation : Silver bromide is obtained as a pale yellow precipitate when silver 
nitrate solution is added to a soluble bromide salt solution. 

AgNO; + KBr = AgBr | + КМО; 

[B] Properties : (i) It is a pale yellow solid. (ii) It is insoluble in water or in acids but 
soluble in excess of strong ammonium hydroxide due to the formation of soluble complex 
argento ammonium bromide, 

AgBr + 2NH,OH = [Ag(NH:);]Br + 29,0 

(iii) It is soluble in sodium thiosulphate with the formation of a soluble complex. 

2AgBr + 43,50, = 2NaAg(S:0:);] + 2NaBr 

(iv) Silver bromide reacts with excess of potassium cyanide to produce soluble complex 
potassium argento cyanide. 7 

AgBr + 2КСМ = K[Ag(CN);] + KBr 

(v) Silver bromide is very sensitive to photo reduction. For this property of AgBr, it is used 

as a light sensitive substance in photographic films. 


2AgBr 8, 2Ag 1.4 Br 
[C] Uses : Because of its light sensitiveness it is used in making photographic films, 


€ Questions ө 


1. Name the chief ore of copper with its formula, from which metallic copper is extracted. Give the equations 
of the chemical reactions involved. Lt. Ent. '82] 
2. (a) Name two ores of copper with their formulae. 
(b) Give a concise account of the chemical reactions that occur in different steps during Ihe preparations 
of blister copper from the concentrated copper ore namely copper pyrites. IW.B. H.S. ’90] 
(c) Describe the process of purification of blister copper. 
3. Name a metal which can be extracted by self reduction process. Give equations of all the chemical 
reactions that occur during the extraction of the melal from its ore. [W.B. H. S. '85] 
4. In connection with the extraction of copper from copper pyrites, furnish the following informations— 
(i) basic raw materials used in the process. (ii) role of each raw material in the process of extraction, 
(iii) role of air used in the process, (iv) reactions which occur, during the roasting of the concentrated ore, during 
the smelting of the roastd ore and during the bessemerisation of the matte leading to formation of blister copper, 
(у) collection of the metal after formation, (vi) two by-products and their uses. 
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5. Describe howwould you prepare copper sulphate (blue vitriol) starting (a) from copper pyrites [Jt. Ent.’84, 
189], (b) from scrap copper [H.S. 87], (c) from metallic copper [Jt. Ent. 81]. Give the uses of blue vitriol. 
- 6. How are the following compounds prepared ? Give necessary equations. Mention two uses of each. 
(a) Cuprous chloride [H.S. ‘85, 88], (b) Blue vitriol [H.S. "86, 97] 
(c) Cupric oxide, (d) Cupric chloride, (е) Cupric nitrate. 
7. Whatis matte ? Give an account of the chemical reactions that occur during the extraction of copper from 


matte. [Jt. Ent. 91] 
8. (а) ‘Extraction of a metal from its ores, is basically reduction of metallic compounds'—Comment on the 
statement with regard to the extraction of metallic sodium and copper. [W.B. H.S. ’92] 
(b) What is blue vitriol ? What happen when it is heated ? [W.B. H.S. '96] 


9. Write with equations what happens when : 


(i) Potassium iodide is added to an aqueous. solution of copper sulphate. [W.B. H.S. '86, 188, ‘97 (ТП, '85] 
(ii) Metallic zinc is added to CuSO, solution. [W.B. H.S. ’83] (iii) Aqueous solution of potassium cyanide is 
added slowly to an aqueous solution of copper sulphate. [W.B. H.S. ‘86, '90, Jt Ent.'91] (iv) An iron knife is 
dipped into CuSO, solution. [W.B. H.S. 85] v) Blue vitriol is gradually heated to red heat. (vi) A mixture of 
cupric oxide, copper powder and conc. HCl is heated and then poured into cold water. [W.B. H.S. '87] 
(vii) Cuprous oxide is heated with dilute H;SO,. [W.B. H.S. /88] (viii) Iron filings are added to CuSO, 
solution, [W.B. H.S. ’82] (ix) An aluminium foil is dipped in CuSO, soln. [W.B. H.S. '83] (x) Excess of 
ammoniums hydroxide is added to an aqueous solution of copper sulphate. [I1.T. "85, Jt. Ent. 83, W.B. H.S. 
^90, '96] (xi) Crystal of copper sulphate is heated. [H.S. 790, "97 (Т) 83] (xii) HS gas is passed through an 
acidified solution of copper sulphate. (xii) Caustic soda or caustic potash solution is added to CuSO, solution. 
(xiv) Copper turnings ore added to hot and conc. HNO3. (xv) Glucose is added to Fehling solution and the 
mixture is heated. (xvi) Copper turnings and conc. HCl are ‘added to an aqueous solution of cupric chloride and 
the mixture is boiled. (xvii) NazCOs is added to copper sulphate solution. Ш.Т. 92] (xviii) Silver bromide is 
reacted with hypo. І... 93] (xix) Metallic copper is reacted with dilute НСІ in presence of air. (xx) Silver nitrate 
solution is treated with NaCH solution. (xxi) An aqueous solution of KCN is added to AgNOs (a) in small 
quantity (b) in excess. (xxii Cuprous sulphide is heated in a limited supply of oxygen. (xxii) Silver is treated 
with HCl in presence of air. (xxiv) Silver is treated with conc. H2SO4. Ш.Т. 179] (xxv) Silver chloride is treated 
with aqueous sodium cyanide and the product thus formed is allowed to react with Zn in alkaline medium. 
[I.1.T. 789] (xxvi) Potassium ferrocyanide is added to an acidified solution of CuSO,. [H.S. ’86] (xxvii) Excess 
of NH; is passed through an aqueous solution of cupric chloride. [H.5. “92]. 


10. Explain the following : 

(i) Inthe extraction of copper by self reduction process, the inside of the bessemer converter is lined with silica. 
(ii) The molten copper produced inside the bessemer converter does not oxidise though hot blast of air is forced 
into the converter. (iii) HS can precipitate CuS but not ZnS when passed through an acidified solution containing 
copper salt and zinc salt. [H.S. ^ ] (iv) Metallic copper may be obtained by simply roasting its sulphide ore. 
Ut. Ent. 85] (v) Zinc can displace H; from dilute acid but copper can not. [Jt Ent. 82] (vi) Copper sulphate solution 
can not be keptin an ironar aluminium vessel. [JF Ent. 81, L.L.T. 79] (vii) CuSO4 though o normal solt, its aqueous 
solution is acidic. (viii) When zinc is added to CuSO, solution, zinc dissolves and copper is precipitated, but when 
Cu is added to ZnSO, solution Zn is not precipitated. (ix) It is difficult to extract copper from copper pyrites. 
(x) The crystal of blue vitriol on being heated, is converted to a white powder. (xi) Copper exhibits variable 
valencies. (xii) When a piece of zinc is added to the blue solution of copper sulphate, it becomes colourless. 
(xiii) Blisters are found to be formed on the surface of metallic copper obtained by the self reduction of Cu2S. 
(xiv) Silver bromide is used in photography. Ш.Т. 83] (xv) Silver nitrate is kept in brown bottle. (xvi) Silver nitrate 
gives a white precipitate of AgCl when treated with NaCl solution but not with CCl. (xvii) Copper sulphate is 
soluble in excess of NH4OH. (xviii) Copper dissolves in conc. H2504 or HNO; but not in HCL. (xix) Zinc and not 
copper, is used for the recovery of metallic silver from complex [Ag(CN);]. ГМТ. *85] (хх) Chalcocite is roasted 
and not calcined during the extraction of copper. П.Т. *87] (xxi) CuO is reduced by carbon but not Na2O, 
(xxii) A green layer is formed on the surface of copper which is left exposed in moist air for а long period. 
(xxiii) Blue colour of the copper sulphate solution is discharged slowly when an iron rod is dipped in it. (xxiv) CuO 
is reducible by carbon but CaO is not so. bow) Continuous application of blue vitriol as pesticide to crops render 
the soil acidic. [H.S. “94]. 
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11. How would you prepare : 

(a) Copper sulphate, by the action of dil HO; on a piece of metallic copper. [Jt. Ent. ‘82](b) Cuprous chloride 
from cupric oxide. [Jt. Ent. 79] (c) Cuprous oxide from cupric nitrate. (9) Cuprous chloride from cupric chloride. 
(e) Blue vitriol from cupric nitrate. (f) Metallic copper from copper sulphate without using heat and electricity. 
[H.S. '93] (9) Cuprous cyanide from copper carbonate. (h) Cuprous oxide from CuSO4. 

12. (a) In the group separation tests for basic radical, a black precipitate may be PbS or CuS. How would 
you confirm that it is CuS and not PbS. Give the necessary equation. [Jt. Ent. 94] 
b) Which one is more basic and why—Na;O ог Cu;O. [W.B. H.S. 96] 
13. (a) You are given two separate solutions—of which one is cuprous salt and the other is cupric. Name 
two reagents by which you can identify which one contains Cu* ions and which one contains Cu?* ions. Give 
the necessary equations. 
b) In the flame test for basic radical, the colour of the flame is found to be bluish green. Name the basic 
radical present in the salt. 
14. Describe the actions of the following on metallic copper— 
| Nitric acid, (Ы) hydrochloric acid, (с) chlorine, (d) sulphuric acid (e) ammonia. 
15. (a) Ferrous sulphate is isomorphous with copper sulphate. Describe the process of separating copper 
sulphate from ferrous sulphate. 
(b) Chalcopyrite and magnetite are ores of which metals ? [W.B. H.S. ‘96] 
16. Give the balanced equations for the 
a) Extraction of silver from silver glance by cyanide process. [I.I.T. ‘82, ’88] (b) Extraction of pure copper 
from copper pyrites by self reduction process. [I.I.T. "90] (c) Preparation of anhydrous cupric sulphate from cupric 
oxide. (d) Preparation of cuprous oxide from copper and HNO3. 
17. What are the justifications of placing the coinage metals in the same group with the alkali metals 2 
‚ Mention the similarities and dissimilarities in the properties of alkali metals and those of coinage metals, 


[2] 


18: The electro-positive character of the metals is in the following order— 

K > Ca» Na > Mg > Al > Zn > Fe > Н> Cu > Hg > Ag 

From the above, answer the following : 

(i). Which one of Cu and Fe has stronger oxidising power ? (ii) Which one of Cu and Fe has stronger 
oxidising power ? (ii) Which one of Cu and Al has stronger reducing power ? (iii) Which one of Cu and Zn 
can be liberated from its sulphate solution by adding the other metal 2 (iv) Which one of Na and Cu is expected 
to occur in free state in nature ? (v) Which one of Mg ond Cu you will select for extraction by electrolytic 
reduction process ? (vi) Which one of Ag and Al has greater tendency to lose electron ? (уй) Which one of 
CuO and ZnO is more stable 2 (viii) Which one of Fe and Ag will replace Hz from dilute H3SO, 2 (ix) Which 
one of СОКОН) and Fe(OH), is more basic ? (x) Which one of K and Mg will displace Hz from cold water ё 
(xi) Which one of Ca and Cu is more stronger reducing agent ? (xii) Will Zn replace Ag from a solution of 
Ag} or Ag will replace Zn from a solution of Zn?* ? 

19. Prove that : 

(a) Copper nitrate contains, copper and nitrogen, (b) Copper sulphate contains sulphur, (c) Cupric 
oxide contains ссррег, (d) Brass contains copper and zinc, (e) Copper carbonate contains carbon: 

20. Magnesium powder is added to the blue solution of CuSO, taken in a fest tube. It is found that the blue 
colour of the solution is discharged, the weight of Mg decreases, H gas is liberated and a brown insoluble 
substance settles down at the bottom of the test tube. Now explain why, (i) the colour of the solution is 
discharged, (ii) the weight of magnesium decreases, (iii) the hydrogen gas is evolved, (iv) the brown pricipitate 
is formed, what is the brown precipitate ? What tests would your perform to identify the brown precipitate ? 
What is the colourless solution which remains in the test tube 2 

21. A metal ‘M’ does not react with dilute H;SO,. It does not react with water in any condition. The oxide 
of the metal is reduced by NH; fo produce the metal. The aqueous solution of a salt of the metal produces a 
deep blue solution with excess of ammonia. Name the metal and justify it with reasons. Suggest а method for 
the extraction of metal M from its sulphide ore. У 

22. The position of a metal M is below hydrogen in the eletro-chemical series. Its prominent valency is 2. 
(i) Will the metal react with water 2 (ii) Will the metal react with dil. HCI 2 (iii) Will the oxide of the metal 

` have any reaction on acids ? (іу) What will be the effect of heating the nitrate salt of the metal ? (v) What 
happens when its carbonate is strongly heated 2 
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23. Name the alloy of copper which contains (a) Ni as one of the constituents, (b) Aluminium as one of its 
constituents, (c) Zn as one of its constituents, (d) tin as one of its constituents. 

24. A blue crystalline metallic sulphate A on being heated produces a white solid B. On passing HS gas 
through an aqueous solution of B, a black precipitate C is obtained which, on being heated with dil. HNO; 
dissolves to form the solution D. On adding excess of NH4OH solution to D, a deep blue solution E is obtained. 
Identify A, B, C, and D and give only the outlines of the equations of the reactions involved. 

Ans. A = CuSO,, 590; В = CuSO,, C = CuS, D = Си(МО›)», E = [Cu(NH;)4]SO4 

25. Write down the equations for reactions by which the following conversions can be realised. 

СоСОз э CuO — CvSO, — Си = Cu(NO3)]; э Cu;Cl 


26. A green amorphous powder (A) when heated gives off a colourless gas (B) which turns lime water milky 
and a black residue (C). (C) dissolves in dil HCl and the resulting solution gives a chocolate precipitate on adding 
potassium ferrocyanide solution. (A) disblves in HCl with the evolution of a gas which is identical with (B) in all 
respects. The solution of (A) as obtained above gives a black precipitate (D) on passing H;S. Another portion of 
this solulion gives a precipitate (E) with NaOH solution and the precipitale remains unaffected on further addition 
of the base. Identify the compounds (A) to (E). [WBJEE. '96] 

[Ans. A = 2CuCO;. Cu(OH)2, В = СО», C= CuO, D = CuS, E  Cu(OH];] 

@ Objective type questions : 

1. Fill up the blanks : 

i) Metallic copper obtained from ће bessemer converter is known-as f 
ii) Tin forms ап alloy with Cu which is called and is used ог. 

(iii) Matte contains mainly of with a little М 

iv) AgCl dissolves in excess of KCN solution to give the complex — -— ¢ (LLT. 80] 
v) The chemical formula of lunar caustic is 
vi) During the Bessemerisation and react with each other to form metallic copper. 
vii) is the best conductor of heat and electricity. 

viii) Cupric hydroxide dissolves in excess ammonia due to the formation of complex 
2. Pick out the correct answer (s). 


- ILLT. *87] 


i) Cyanide process is applicable for the extraction of (a) Ag, (b) Ca, (c) Fe, (d) Mg. [Ans. (a)] 
ii) A cupric salt on being heated with metallic Cu and conc. HCI the colour of the solution is discharged due 
to the formation of (a) CuCl, (b) CuCl, (c) H[CuCl;], (d) H[CuCl;]. [Ans. (c)] 
iii) Two of the constituents of german silver are (a) Ag, Cu; (b) Ag, Zn; (c) Cu, Zn; (d) Cu, Ni.[Ans. (c) (d)] 
iv) AgCl is soluble in (a) excess of NH4OH, (b) aq soln of KCN, (c) Н;$О„, (d) HNO3. [Ans. (a), (b)] 
у) The anode mud obtained during the electro-refining of blister copper contains (a) Au, (b) Mg, (с) Zn, 
(d) Pb. i [Ans. (a)] 
vi) From brass, Cu may be separated by : (a) heating brass with conc NaOH soln., (b) treatment with dilute 
HNO), (c) fractional crystallisation, (d) treatment with dil НСІ. [Ans. (a), (d)] 
(vii) Which of the following alloy contains Cu and Zn? (a) Aluminium bronze, (b) Brass, (c) Gun metal, (d) 
Type metal. 
[Ans. (Ь)] 
viii) Matte contains mainly (a) Cu;S and little FeS, (b) CuzS and Fe;S, (с) FeS and FeO (d) Cu;S v x i 
ns. (а, 
(ix) AgCl on fusion with Na;CO; forms (a) Ag;CO;, (b) Ag:O, (c) Ag, Id) Ag;C;. [Ans. (c)] 
x) Argentite is an ore of (a) Cr, (b) Cu, (c) Ag, (9) Zn. [Ans. (с)] 
xi) AgCl precipitate dissolves in NH{OH due to the formation of (a) AgCl, 2NHs, (b) [Ag(NHs);]CI, 
(c) [Ag(NH;),]CL, (d) [Ag(NHs)2]OH. [Ans. (b)] 
xii) Verdigris is (a) Basic copper carbonate, (b) Basic copper acetate, (с) basic copper sulphate, (d) Normal 
copper acetate. [Ans. (Ь)] 
3. Match the Column : 
1] (a) Horn silver (i) AgNO: 
(b) Purple of cassius. (и) CuSO4, SHO, 
(с) Blue vitriol (її) AgCl 
(d) Lunar caustic (iv) Colloided gold 
ll] (a) Verdigris (i) 80% Cu + 20% Sn 
(Ь) Bell metal (i) 27-28% Cu + 70% Ni + 2.3% Fe 
(с) Monel metal (iii) Rochelle Salt + 2% CuSO, 


(d) Fehling’s solution (iv) Basic copper acetate 
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e Zinc e 
Symbol : Zn Atomic number = 30 Atomic weight = 65.85 
Electro-negativily : 1.6 m.p. = 419°C b.p. = 920°C 


Electronic configuration : [Ar] зао. 452. 


7.1. Occurrence of zinc. 

Metallic zinc does not occur free in nature. It occurs only in combined form. The most 
importent ore being zinc blende (ZnS) (black jack) which is invariably associated with 
argenteferous Galena (PbS). The important ores of zinc are— 

(1) Oxide — Zincite (ZnO), Franklinite (ZnO, Fe;O;) 

(2) Sulphide — Zinc blende (ZnS) 

(3) Carbonate – Calamine (ZnCO3) 

' (4) Silicate – Willemite (ZnSiOs, ZnO), Electric Calamine (ZnSiO;, ZnO, H20) 


7.2. Extraction of metallic zinc. 


Zinc is mainly extracted from its sulphide ore zinc blende (ZnS) and to some extent from 
its carbonate ore calamine (ZnCO;) by carbon reduction process. 


[A] Carbon reduction process : The process consists of the following steps. 
(1) Concentration of the ore by floatation process : Zinc blende is crushed to fine 
powder. As zinc blende contains galena (PbS), cadmium sulphide (CdS) and other silicious 
materials as impurities, the powde- 
Powdered ore red ore is concentrated by oil 
floatation process. The finely 


“Pi ; powdered zinc blende is mixed with 
ine oil and x 5 Sa БА; 

Froth with <= ЫЙ Na-Xanth water in a tank with some pine oil (a 
ZnS particles. P zg xA Nû Aantal foaming agent), sodium xanthate 


(collectors) and little acid. The whole 
mass is then agitated by passing 
compressed air through it. 

The oil forms froth with air 
and at first, galena particles are 
preferentially wetted by oil and 

Fig 7.1 : Oil floatation process rise to the surface with the froth and 
are removed, After the removal of galena the process is repeated by adding little more oil and 
acid. ZnS particles, this time come up with the froth and the impurities like sand and earthy 
materials being wetted by water become heavier and settle down to the bottom. The froth 
containing zinc blende is separated and dried. 


(2) Roasting : (i) The concentrated sulphide ore is then heated at temperature below its 
melting point (860°C-900°C) in a multiple hearth furnace through which a current of hot air 
is circulated. 


Impurities 
їп ore 


PAA 


(ii) During roasting the temperature and the current of air are controlled in such a way so 
that all the zinc sulphide is oxidised completely to zinc oxide. 


2ZnS + 30; = 2ZnO + 250,7 
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(iii) However, during roasting if any zinc sulphate is formed by the oxidation of zinc 
sulphide, it decomposes to give zinc oxide at the temperature (900°C) used in this operation. 


ZnS + 20, = ZnSO, ; 2ZnSO, = 2ZnO + 280; 4 O; 


(iv) The sulphur dioxide thus obtained as a by-product is used in the manufacture of 
sulphuric acid by contact process. 


(v) When the ore is calamine (ZnCO;), it is simply calcined to produce zinc oxide. 
ZnCO; = ZnO + CO; 
ө Description of the multiple hearth furnace : 


The roasting of zinc blende is carried out in a long vertical cylindrical furnace made by fire 
bricks lined outside with steel. There are several shelves made of fire bricks, inside the furnace. 


There is a vertical rod having a number of stirrers, which Zinc blande 

is placed at the centre of the furnace. The concentrated zinc s SO 
бр : . Rotating E 9Y, 

blende is introduced into the furnace through two openings 2 


at the top. As the central rod is rotated from outside, the ore EEG 


is transferred from one shelf to the other with the help of 
the stirrers. While passing from one shelf to the other, the 
ore comes in contact with hot blast of air which passes 
upward. As a result zinc sulphide is oxidised by the hot air 
to form zinc oxide which is taken out from an outlet at the Blast of 
bottom of the furnace. hot air 1 
(3) Smelting-carbon reduction : Several processes 
are employed for the carbon reduction of zinc oxide— 
(a) Belgian process, А R 
(b) New Jersey process. 6 ore ZnO М 
[a] Belgian process : The roasted ore i.e., zinc oxide 
thus obtained is intimately mixed with about 1/Sth of its Fig 7.2 : Roasting of zinc sulphide in 
weight of powdered coke (some what more amount than multiple hearth furnace 
is required for the actual reduction reaction) and the mixture is charged into fireclay retorts. 
The retorts are arranged in 3 or 4 rows in inclined position sloping towards open ends in a 
gas fired furnace. The open end of each 
retort is fitted with an earthenware 
condenser. The other end of the condenser 
is attached to a tube made of sheet steel 
which is known as prolong, through which 
carbon monoxide gas passes out. The 
prolong and the condenser of each retort 
are kept outside the furnace. The retorts 
containing the mixture of coke and zinc 
oxide are heated to 1300°C—1400°C by 
burning producer gas. At this high 
temperature zinc oxide is reduced by coketo 
produce metallic zinc and coke is oxidised 


Roasted 
ore ZnO 


Molten Zn 


4 A to carbon-monoxide. As the boiling point of 
jn Current of cold ue zinc is 920°C, the produced zinc remains as - 
air vapour which along with carbon monoxide 


Fig 7.3 : Carbon reduction of ZnO by Belgian process passes into the condenser where most of the 
zinc vapours condense as liquid zinc and the rest being mixed with some zinc oxide collects in 
the prolong as zinc dust. Carbon monoxide burns at the mouth of the prolong with a blue flame. 
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When the reduction is complete carbon monoxide does not evolve, consequently only the 
zinc vapours come out of the prolong and as a result instead of blue flame, a brilliant flame due 

to the burning of Zn vapours is observed. 

This indicates the completion of the 
ZnO +C reduction of ZnO, The molten Zn from 
the condensers is drawn off at intervals 
and cast into blocks which are known as 
spelter. 


Co Heart 
ndenser 
RETOR 


ый Zn0+C=Zn+COt 


Molten 
zine J Producer V 4. Refining of crude zinc : Metallic 
Outetofgas 189 zinc thus obtained contains about 20% lead 


and traces of Cd, As, Fe as impurities. It is 
Fig 7.4 “Extraction of Zn by carbon reduction process purified by the following processes. 

(i) Fractional distillation : The impurities of crude zinc are removed by fractional 
distillation. At first the impure zinc is heated in a retort at a temperature above the boiling point 
(920°C) of zinc, when zinc along with cadmium (b.p. 767°C) are distilled leaving behind iron 
and lead as residue in the retort as the boiling points of these two metals are much higher than 
those of zinc and cadmium. The distillate thus obtained is collected in a second retort and-is 
redistilled at a temperature little above 767°С. Now cadmium being more volatile than zinc, 
distills out leaving behind pure zinc (99.9%) in the retort. 


(ii) Electrolytic refining : Chemically pure zinc may be obtained by the electrolysis of very 
pure zinc sulphate solution acidified with sulphuric acid. Electrolysis is carried out by using 
impure zinc rod as anode and aluminium sheet as cathode. On the passage of electricity zinc 
from anode dissolves in the solution and pure zinc from ZnSO, solution deposits on the 
aluminium sheet. 

ZnSO, == Zn** + 50; At cathode: Zn**+ 2e = Zn 

e» Granulated Zinc— In the laboratory Zn is often used in the form of large granules, These are known c's 
granulated zinc. It is prepared by pouring molten zinc into cold water in the form of small drops. 

© Zinc dust— It is bluish grey powder obtained in the prolong during the extraction of zinc. It is mainly a 
mixture of Zn and ZnO. It is also prepared by atomising molten zinc with an air blast. 

@ During the roasting of Zn blende the temperature and current of hot air must be 
controlled— Explain why ? 

Thisis because of the fact that zinc blende is roasted with a view to converting all the zinc sulphide into zinc 
oxide, so that metallic zine 1s obtai со! luction in the next tion. For this, the concentra! 

ide, so th llic zi btained rbon red th opera! this, th ted 
sulphide ore is heated at 900°C in a multiple hearth furnace in presence of controlled current of hot air. Now 
ifZnSis heated at a temperature below 850°C in presence of excess air, zinc sulphide is oxidised to produce zinc, 
sulphate instead of zinc oxide. ZnS + 202 = ZnSO. If ZnSO, is present in the roasted ore, during the carbon 
reduction ZnSO, is: reduced by coke to produce zinc sulphide again. 
ZnSO; + 4С = ZnS + 4CO. 

But if the temperature is kept above 850°C and current of air is controlled during roasting of ZnS, any zine 

sulphate present in the roasted ore, decomposes to give zinc oxide at this high temperature. 
2ZnSO, = 2ZnO + 250, + O2 

Thus consumption of fuel and coke is saved much. 

e. During the carbon reduction of ZnO, excess of coke is added to the roasted оге— 
Explain why ? n / 

During the carbon reduction of roasted ore, zinc oxide is reduced by coke to produce metallic zinc, CO and 


Hs: тО+С=йїФСО1;Д ^ 22004C-22n«CO,T 
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Athigh temperature (1300*C-1400*C] the CO; thus produced, reconverts the produced zinc to zinc oxide. 
Consequently, in order to stop the production of CO; during this process, excess of coke is added to ZnO. However, 
if any CO» is produced, it is reduced by the excess coke to CO. Thus the production of CO, is stopped. 

СО +С = 2CO 

e The boiling point of metallic zinc is 920 С yet the carbon reduction operation of zinc 
oxide is carried out at 1300. C-1400- C.— Explain why ? 

This is because of the fact that, during the carbon reduction of ZnO, some amount of СО, is produced along 


pinga ZnQ«C-Zn«COT; 22n0+C => 22n + CO,1 

As the CO; thus produced reconverts the metallic zinc to zinc oxide, its production is prevented by adding 
excess of coke which reduces the CO; to CO. 

CO; «C == 2CO — Heat 

But this reaction is reversible and the forward reaction is endothermic. Consequently if this reaction is carried 
out at the boiling point (920°C) of zinc, the temperature will be lowered down further due to the endothermic 
reaction. Аз а result, the zinc thus produced, will not distill into the condenser. According to Le Chatelier's principle 
high temperature accelerates the forward reaction, conseqnently the operation is carried out at 1400°C so that 
there is no scope for the production of CO,. 

* Both zinc and iron are produced by the carbon reduction process, but metallic zinc 
can not be produced in the blast furnace like that of iron— Explain why ? [W.B.H.S. 1996] 

Metallic zinc is extracted by the carbon reduction of zinc oxide, but the reduction of zine oxide can not be 
carried out in the blast furnace though cast iron is extracted in the blast furnace by the carbon reduction of Fe;O;. 
This is because of the fact that, the operation of carbon reduction of Fe;O; is carried out in the blast furnace at 
high temperature (1500*C) in presence of hot blast of air. As the boiling point of zinc is only 920°C, the metallic 
zinc which will be produced by the carbon reduction of ZnO in the blast furnace, will remain in vaporous state. 
These vapours of metallic zinc will be expelled from the furnace through the outlet by the hot blast of air. As a result 
instead of collecting in the molten state at the bottom of the furnace like iron, the vapours of zinc are driven out 
of the furnace through the exit tube. 


ө Different steps for the extraction of zinc from zinc blende : 


Zinc blende Zns 


= Na-xanthate + Pine oil 
| + Powdered ore 


Ores Sipe — Reaction : 
B y 22п5+30;=22по+250;} 
وس‎ CC س‎ 
iius Silicious | 
(1) concentration materials Roasted ore (ZnO) 


LA 
Hot air 


Al-cathode 


Anode: 


Impure Zn ese 
ише (p) 


ZnSO, soln. 


Reaction ; 
<Zn0+C 
=znt+cot 


(з) Carbon reduction 


Fig. 7.5: 
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e Flow sheet diagram showing the different steps and chemical reactions 
involved in the extraction of zinc from zinc blende (ZnS) : 


Crushing & Concentration 
grinding oil floatation process : Concentrated 
с water + pine oil + ore: 
sod, xanthate + © t 
Ta Roasting— 
id — blowing ai 
eat ni Adel (i) Controlled current of air. 


(ii) Temp. : (850-900*C) 
Reactions : 

2ZnS + 30; = 2210 + 280;T 

` ZnS +20, = ZnSO, 

2ZnSO, = 2ZnO + 280; + O: 


removal of PbS and SiO, 


© Electro- 


Pure Zn is 
collected at 


impurities— 


the cathode | Electrolyte- (Pb, Cd, Fe Roasted ore + volatile matters 
(ZnSO, + H,SO,) z ue s coke.— 
i 'emp : 1400°С 
оде: Zn 
E Reaction : ZnO + C = Zn + CO 


1st | Thermal refining 
step | (temp. 920°C) 


Thermal refining Pure Zn (99.9%) is 
obtained as residue 


Second step 


Fractional dist at 767°C in the retort 


(b) Modern process — New Jersey process of extraction of zinc : This process is modern 
and more economical than the Belgian process. In this process the carbon reduction of zinc 
oxide can be carried out continuously with a greater 
yield of the metal of greater purity. In this process 
vertical rectangular retorts are used which are made of 
silicon carbide bricks. Powdered roasted ore (ZnO) 
and powdered coke are mixed intimately and with the 
st Zn help of a binder this mixture is made into small brickets 
Burnt gases. (small blocks). These brickets are fed into the vertical 
retorts from a door at the top. The retorts are heated 
externally at about 1400°C by means of heating jackets 
Producer gas Producer gas in which producer gasis burnt. Atthis high temperature, 

' zincoxideisreduced by coke to metallic zinc liberating 
carbon monoxide. Zinc vaporises and zinc vapours 
along with carbon monoxide escape through an exit 
tube near the top into a condenser where zinc vapours 
Fig. 7.6: Continuous process of extraction are condensed to molten zinc and CO passes out. 

of zinc Producer gas is forced into the retorts from the bottom 
at intervals, to drive out the zinc vapours completely from the retort. As the reduction proceeds, 
fresh brickets of zinc oxide and coke are fed into the retorts and thus metallic zinc is produced 
continuously. à 

[B] Electrolytic reduction process — Wet process of extraction of zinc: The electrolytic 
reduction process of extraction of zinc consists of the following steps— 

(i) Concentration of the ore : Zinc blende ore is concentrated by oil floatation process 
which has already been described previously. 


Zn0+C Condencer 


Silicon carbide 


Producer g <A- Ashes ; 
Vertical retort > 
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(ii) Roasting of zinc blende : The concentrated zinc blende is roasted in a multiple hearth 
furnace in excess current of air at 650°C—700°C when major portion of ZnS is oxidised to give 
ZnSO,. Small amount of ZnO is also produced during roasting. 


ZnS + 20, = ZnSO, ; 2ZnS + 30, = 2ZnO + 2SO, 7 


(iii) Leaching with sulphuric acid : The mixture of zinc sulphate and zinc oxide which is 
obtained as roasted ore is leached with hot dilute H2SO,. Zinc oxide goes into the solution as 
zinc sulphate. The soluble sulphates of other metals e.g., Fe, Al, Cd, Cu etc., which are present 
as impurities with zinc blende, are also dissolved. 


ZnO + H,SO, = ZnSO, + НО. 


(iv) Precipitation of impurities : The filtered extract is then agitated with the milk of lime 
to precipitate iron and aluminium as their hydroxides and silica is precipitated as calcium 


silicates АЬ($О,)» + 3Ca(OH); = 2AKOH); 1 + 3Са$О, 1 ; 
FeSO, + Са(ОН), = Fe(OH), + + CaSO, | 
These insoluble impurities are removed by filtration. 
The filtrate thus obtained is warmed to 75°C and treated with zinc dust to remove Cd and 


CPP. ^ CdSO, + Zn =ZnSO;,+ Cd}; | CuSO, + Zn = ZnSO, + Cul ` 

(v) Electrolysis of acidified ZnSO, solution : The filtered solution contains zinc sulphate 
only. It is acidified with a little HSO; and is then electrolysed using pure lead as anode and 
aluminium sheet as cathode, when metallic zinc is deposited on the cathode. The purity of zinc 
thus obtained is 99.96%. 

(vi) Reactions involved : 

ZnSO, = Zn** + SOF ; НО = Ht + OH- 
At cathode: Zn** + 2e = Zn; At anode: OH- - e = OH 
40H = 2H,0 + O; T 
(vii) Sulphuric acid is regenerated in the cell which can be reused again. 


ө Some important notes on electrolytic reduction process : 

(i) In the wet process, during the roasting of zinc blende, the temperature must be controlled. If the roasting 
is carried out at a temperature above 850°C, ZnS is oxidised to ZnO instead of ZnSO,, which leads to the excess 
consumption of acid. 

(ii) Zinc occupies much higher position than hydrogen in the electro-chemical series, which proves that zinc 
is stronger electro-positive element than hydrogen. Consequently in the electrolysis of an aqueous solution of a 
zinc salt, the discharge potential of zinc is naturally higher than that of hydrogen, but it is found that during the 
electrolysis of an acidified solution of ZnSO,, zinc is deposited at the cathode and not hydrogen. This is because 
of the fact that in strong acid solution the hydrogen over voltage becomes higher than those of zinc. 

(iii) During the electrolytic reduction of zinc sulphate, very pure zinc sulphate should be used as the electrolyte. 
Ifitis contaminated with salts of other metals, especially those metals which are less electro-positive than zinc, than 
during the electrolysis, those metals are also deposited on the cathode along with zinc. As а result small galvanic 
cells are set up in the cathode. By the action of these galvanic cells, the zinc which has already deposited on the 
cathode, gets dissolved in the acid. ` 

ө In connection with the extraction of zinc from zinc blende by carbon reduction process, 
furnish the following informations : 

(I) Main raw materials used : The chief raw materials used in this process are— (i) zinc blende (ZnS), (ii) 
coke, (iii) sodium xanthate and pine oil, (iv) dilute HSO, and pure zinc sulphate solution. 

(2) Role of each raw material and the role of air : 

(i) Sodium xanthate is used as a collector and pine oil is used as a foaming agent during the concentration 
of zinc blende by oil floatation process. Pine oil forms froths with air and ZnS particles being wetted by oil rise 
up with the froth. 
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(ii) Zine blende : t is the chief ore of zine which mainly used in the extraction of zinc by carbon reduction 
process. The concentrated ore is first roasted ina multiple hearth furnace at 850°C—900°C in a controlled current 
of air when ZnS is oxidised to ZnO. In the next operation the roasted ore (ZnO) is mixed with excess of coke and 
the mixture is heated in fire clay retorts by producer gas at 1400°C when ZnO is reduced by coke to produce 
metallic zinc, which is collected in condensers. 

(iii) Role of coke : During carbon reduction, coke is used as a reducing agent to reduce ZnO to metallic zinc. 
It is also used to stop the production of CO; during this carbon reduction so that the prodyced zinc may not be 
oxidised by CO; to ZnO. 

(iv) Role of air: During the roasting of ZnS, itis heated to 850°C—900°C in a controlled current ofair, when 
ZnS is oxidised by aerial oxygen to form ZnO which is reduced by coke to produce metallic zinc. 

(v) Chemical reactions which occur during the extraction of zinc from zinc blende. 

(a) During roasting, the concentrated ore is oxidised by aerial О; to produce ZnO and SO; is evolved. 

2705 + ЗО; = 2ZnO + 250; 1 

(b) During the carbon reduction of roosted оге, the produced ZnO is reduced by coke at 1400°C to produce 

metallic zinc with the evolution of CO. жО+Сала+СО1Т 


(vi) The collection of metallic zinc : The produced zinc at 1400°C vaporises (b. р. of Zn = 920°C) and the 
vapours come out of the retorts and are condensed in the condensers as molten zinc and the rest being mixed with 
some ZnO vapours collects in the prolong as zinc dust. 

(vii) By-products and their uses: During the extraction of zinc from zinc blende (a) sulphur dioxide is obtained 
as by product which is extensively used in the manufacture of H»SO,by contact process. (b) During the refining 
of impure zinc by fractional distillation process, cadmium is obtained as by-product which is used for cadmium 
plating on iron articles. It is also used in preparing some useful alloys and in the preparation of cadmium cell. 
7.3. Properties of zinc. 

[A] Physical : Zinc is a bluish white metal. Its specific gravity is 7.14, melting point is 
419°C and boiling point is 920°C. Zinc becomes malleable and ductile between 100°C— 150°C 
but at 200°C it becomes brittle. Zinc is a conductor of heat and electricity. 

[В] Chemical : 

(1) Action of air and oxygen : Metallic zinc is not affected in dry air but in moist air a 
protective white layer of basic zinc carbonate ZnCO;, 3Zn(OH); is formed on its surface. 

On being heated strongly in air or oxygen, zine burns witha greenish white flame forming 
white fumes of zinc oxide which condense in wooly flocks called ‘philosopher's wool’ or 
chinese white. 2Zn + O» = 2ZnO. : port 

(2) Action of water : Pure zinc is not attacked by water. When steam is passed over red hot 
zinc, steam is decomposed to give hydrogen and zinc is oxidised to zinc oxide. Impure zinc or 
zinc copper couple reacts with boiling water producing zinc hydroxide and hydrogen. 

Zn + H;O (steam) = ZnO + HÎ ; Zn + 2H;0 = Zn(OH); + H; T. 
Red hot boiling water 

(3) Action on acids : (a) Impure zinc reacts readily with dilute and, concentrated 

hydrochloric acid with the evolution of hydrogen and formation of zinc chloride. 
Zn + 2HCI = ZnCl, + Н, T. 

(b) Dilute sulphuric acid reacts with zinc with the evolution of hydrogen and formation of 
zne SENG Zn + HSO; = ZnSO, + ЊТ 

Pure zinc is attacked by dil. HCI or HSO; very slowly due to the formation of a thin 


protective layer of hydrogen on the surface of the metal which prevents the metal to come in 
contact with the acids and as a result the reaction stops. 


Hot and concentrated sulphuric acid produces sulphur dioxide and zinc sulphate. 
Zn + 29,50, = ZnSO, + 50, f + 2H,0. 
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(c) (i) Hot and concentrated nitric acid reacts with zinc with the evolution of brown 
nitrogen dioxide and formation of zinc nitrate. 
Zn + 4HNO; = Zn(NO;); + 2NO; + 290 
(ii) Moderately strong nitric acid (1 3 1) reacts with zinc yielding zinc nitrate and nitric 
oxide adu 3Zn + ВНМО); = 3Zn(NO); + 2NO + 4H;O 
(iii) Cold and dilute nitric acid gives nitrous oxide (laughing gas) and zinc nitrate. 
4Zn + 10HNO; = 4Zn(NO3)) + N;O + 590 

(iv) Cold and very dilute nitric acid reacts with zinc with the formation of ammonium 

nitrate and zinc nitrate. 
4Zn + 10HNO; = 4Zn(NO;); + NH,NO; + 3H20. 

(4) Action with alkali : Zinc reacts with hot and concentrated caustic soda and caustic 

potash yielding sodium and potassium zincate respectively with the evolution of hydrogen, 
Zn + 2NaOH = Na;ZnO; + HÎ ; Zn + 2KOH = К, ZnO, + Н, 

(5) Action on nitrates in presence of strong alkali : Zinc reacts with strong alkali like 
caustic soda or caustic potash with the evolution of hydrogen. Consequently, when nitrates or 
nitrites are heated with zinc dust and caustic soda or caustic potash solution, the nitrates are 
reduced by the nascent hydrogen produced by the action of zinc and strong alkalis to give 
ammonia which can be identified by its pungent smell. This reaction is employed to identify 
nitrate or nitrite radical. 


(a) Action on nitrate : 
(2NaOH + Zn = Na;ZnO; + 2H) х4 


NaNO; + 8H = NaOH + NH; + 29:0 
او ما‎ ез! SEE iur fre e or p 
NaNO, + 4Zn + 7NaOH = 4Na;ZnO; + NH; + 2H,0 


Ionic equation : 
(i) [Zn + 40H 4 ZnO} + 2H20 + 2e] x 4 (oxidation) 


(ii) NO; +6Н;О + 8e — NH; + ФОН (reduction) 
NO; + 4Zn + ТОН- = 4ZnO} + 2H20 + NH; 
This reaction exhibits the reducing action of zinc in presence of strong alkali, 
(b) Nitrites on being heated with zinc dust and caustic soda are reduced to give ammonia. 
NaNO, + 3Zn + 5NaOH = 3Na;ZnO; + NH3 + HO 
(6) Action оп non-metals : 
(i) Heated zinc directly combines with chlorine and sulphur yielding zinc chloride and zinc 
sulphide respectively. Zn Cl; = ZnCl; Zn4S-ZnS 
(ii) Zinc can not combine directly with nitrogen but do so when ammonia is passed over 
heated zinc producing zinc nitride and hydrogen. 
3Zn + 2NH; = ZnN; + 3H; T 
(7). Reducing action : In presence of dil. Н,50, or ай. НСІ, zinc reduces ferric salts to 
ferrous salts. These reactions illustrate the reducing pide of zinc йк ead medium. 
Fe 80, +7п= FeSO, + ZnSO, ; 2FeCl, + Zn = 2FeCl + ZnCl, 
(8) Displacement reactions : Metallic zinc being a strong electro-positive metal, can 
displace the metals which are less electro-positive than zinc from their salt solutions. 
CuSO, + Zn = Zn$0, + Си}; 2AgNO; + Zn = Zn(NO3); + 2Ag { 
2Na[Ag(CN);] + Zn = 2Ag } + Na;[Zn (CN)4] 


СН-132 
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(9) Action of alkyl halides : Frankland (1849) observed that when alkyl iodide is heated 
with zinc in an atmosphere of CO, and the product alkyl zinc iodide is distilled, dialkyl zinc is 
obtained as volatile colourless liquid. 

RI + Zn = RZnl; 2RZnI = R;Zn + Znl; [R= alkyl radical] 


According to Krugg (1954) it is best obtained by the interaction of alkyl bromide or iodide 
and a Zn—Cu couple. Like Grignard reagent it is a versatile reagent used in synthetic organic 


рене Гу: (CH3);Cl + (СНз) п — (CH3)C + CH3ZnCl 
Neopentane 

€ Uses of zinc : (i) The most important use of zinc is for galvanising of iron. Galvanisa- 
tion is the process of depositing a thin layer of zinc on the surface of articles and sheets made 
of iron to protect them from rusting. (ii) It is extensively used in the desilverisation of lead and 
in the extraction of gold and silver. (iii) It is used in the manufacture of batteries and in the 
manufacture of zinc white. (iv) Granulated zinc is used in the preparation of hydrogen in the 
laboratory and zinc dust is used as a reducing agent. (v) It is used іп the manufacture of several 
useful alloys, the composition and uses which are given below— 


[ Alloys Uses 
(1) Brass Cu 70% + Zn 30% Formaking utensils, pipes and condenser 
tubes. 
(2) Electron Mg 95% + Zn 4.5% + Cu 0.5% | Formaking parts of aeroplanes and motor 


cars. 


For making utensils, flawer vases and 
resistance coils. 


Cu 50% + Zn 30% + Ni 20% 


(3) German silver 


(4) Gun metal Cu 85% + Zn 5% + Sn 10% For making guns and arms. 
(5) Dutch metal Cu 80% + Zn 20% Golden yellow colour, used for decorative 
purpose. 


(6) Delta metal Cu 60% + Zn 38% + Fe 2% 


For making propellers of ship. 


€ Galvanisation : /t is the process of depositing a thin protective layer of zinc on the surface 
of iron articles. . 

The iron sheets or articles of iron thus coated with zinc are called galvanised iron. The zinc 
layeroniron protects the iron articles from rust, as zinc is more strong electro-positive than iron, 
so zinc is attacked first by air and moisture instead of iron. 


Process of galvanisation : The process of galvanisation consists of the following steps— 

(i) Cleaning of the iron articles (pickling) : Iron sheets, wires or other articles to be 
galvanised are at first cleaned by sand blast and are then dipped in dil. HCI to remove any oxide 
film on the articles. These are then washed with water. This process is known as pickling. 


(ii) Galvanising : In this step zinc metal is deposited on the cleaned iron articles. This is 
carried out by the following methods— 


(a) Hot galvanising—The clean sheets or articles of iron are then dipped in molten zinc 
containing a little ammonium chloride which is used as flux. A thin coating of zinc is formed 
on the surface of iron sheet or article. The galvanised iron is pressed by rollers to make the layer 
of zinc uniform. : З 


(b) Sherardising—The iron articles are dipped in zinc dust (Zn + ZnO) in arevolving drum 
at a temperature just below the melting point of zinc (300°C — 400°C). After keeping there for 
some hours the articles are taken out and then heated to 800°C when an alloy of iron and zinc 
is formed on the surface of those articles. ў 
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(c) Metallizing — In this process molten zinc is sprayed on the iron articles when a firm 
adherent coating of zinc is formed on those articles. This process is suitable for articles which 
are too big for dipping. 

(d) Electro-galvanising—Very smooth, shining and durable coating of zinc can be made 
on iron articles by the electrolysis of sodium zinc tetra cyanide using zinc rod as anode and 
cleaned iron article as the cathode. 

Galvanised iron articles should not be used as a food stuff, as zinc is poisonous. 

@ Tin plating or tinning : 

To protect iron articles from rusting, they are coated with a thin layer of tin. This process is 
known as tinning. 

(i) Previously cleaned sheets of iron are first dipped in molten tin containing little 
ammonium chloride (flux). A thin coating of tin is formed on the surface of iron sheet. To make 
the coating of tin uniform, the sheet is pressed through a pair of rollers. 

(ii) Iron articles may be tin plated by brushing molten tin with a little ammonium chloride 
on the surface: 

(iii) Powdered tin and littleammonium chloride are spread on the surface of the iron articles: 
and then the articles are heated strongly when a firm adherent coating of tin is formed on the 
surface of those articles. 


ө Comparison between galvanisation and tin plating : 


Galvanisation 


Tin plating 


(1) Iron articles are galvanised to protect them 
from rusting and corrosion. 

(2) Galvanised iron.can not be used as food stuff 
container due to the poisonous action of zinc. 

(3) When the surface of a galvanised iron article 
is scratched and is exposed to air, rusting 
does not occur on the exposed surface. 


(i) Ironarticles are tin plated to protect them from 
rusting and corrosion. 3 

(2) Tin plated iron can safely be used for making 
house hold utensils as tin is non poisonous. 

(3) Once the surface of a tin plated article gels 
scratched and is exposed to air, only iron is 
attacked by the aerial oxygen and moisture. 


As а result rapid rusting of iron occurs and 


ultimately the whole surface is effected. 


e Tin plating is less serviceable than galvanisation or, ifthe surfaceis scratched, rapid rusting of iron begins 
and ultimately whole surface of tin plated iron is effected, but in case of galvanised iron, the rusting remains 
confined in the exposed surface only—Explain why ? 

This is because of the fact that, iron occupies below zinc but above tin in the electro chemical series. 
Consequently zinc is more electro-positive than iron and iron is more electro-positive then tin i-e., the standard 
reduction potential of Zn (Eont+/2n=— 0.76V) is less than that of Fe (Е? / fe =— 0.44V) and the reduction potential 
of Fe is less than that of Sn (E+ /sa = 0.13V). So in the galvanised iron if there is any scratch, only Zn will be 
attacked by the aerial oxygen and moisture and will get dissolved in preference to iron, as Zn has greater tendency 
to lose electrons (oxidation) Zn — 2e — Zn**. As a result in presence of Zn, the oxidation of iron (Fe — 2e — Ре") 
does not take place. 

On the other hand in case of tin plated iron, only iron will be attacked by the oxygen and moisture and will 
get dissolved in preference to Sn as Fe has greater tendency to lose electrons (oxidation). As a result in presence 
Fe the oxidation of Sn does not take place, but ће rusting of Fe is enhanced. 


7.4. Compounds of zinc. 


(1) Zinc oxide (ZnO) : Zinc oxide occurs in nature as zincite. 


[A] Preparation : (i) Itis prepared by strongly heating metallic zinc in presence of air. The 
white fumes of zinc oxide thus produced are condensed and collected as white wooly flocks 


which is called ‘philosopher's wool’. 
2Zn + О, = 2ZnO. 


168 ELEMENTS OF CHEMISTRY 


(ii) It is prepared in the laboratory by heating zinc hydroxide or zinc carbonate. 
Zn(OH) = ZnO + HO 1 ; ZnCO; = ZnO + CO; Î 

[B] Properties : (i) It is white powder, insoluble in water. 

(ii) Itis an amphoteric oxide and consequently reacts with acids to form the corresponding 
zinc salts and with strong alkalis to form corresponding zincates. 

(iii) Zinc oxide becomes yellow while hot and white when cooled. 

(iv) When zinc oxide is heated with a little cobalt nitrate solution, a green mass is obtained 
as residue which is due to the formation of cobalt zincate (CoZnO2) — adouble oxide (ZnO, 
CoO) which is known as Rinmann's green. 

2Co(NO3)2 = 2CoO + 4NO; + O; ZnO + CoO = CoZnO; 

(у) Zinc oxide is reduced to metallic zinc by coke or hydrogen 
(1300°C—1400°C). 

ZnO + C = Zn + COT: ZnO + Н. = Zn + HO 

[C] Uses : (i) It is extensively used as white paint, pigment as its white colour is unaffected 
by H,S. (ii) It is used as skin ointment and adhesive tape due to its antiseptic action. (iii) It is 
used as a filler in automobile tyres. (iv) It is used in making enamels and special type of glass. 
(у) ZnO, mixed with Cr;O; acts as a catalyst in the synthesis of methanol from water gas and 
hydrogen. "o 


— 


Z 
СгО» 


at high temperaturc 


CO +H; + H; 
water gas 


CHOH 


The mixture of water gas and hydrogen is known as synthetic gas. 


e Zinc oxide becomes yellow on heating but becomes white. again on cooling — 
Explain why ? 
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This is because of the fact that, when zinc oxide is heated; the 
oxygen atom of ZnO molecule shifts from its original position. As a 
result, an additional Zn** ion remains within the crystal lattice in a 
disorderly manner and’ ће 2 electrons left by it occupy different - 
positions within the crystal. Аз a result though there is no electrical change 
in the crystal as a whole, but metal excess defect occurs in the crystal. 
Under this stote the composition of the new crystal can be expressed as 
Zn, О. Due to this change іп the positions of electrons within the 
crystal, the colour of ZnO changes from white to yellow. On cooling, the 


OF Zn"*—— OF -- Zn" displaced oxygen atom returns back to its original position. As a result 
Metal excess defect їп ZnO crystal Ње metal crystal becomes free from metal excess defect and zinc oxide 
due to heat gets back its original white colour. 


(2) Zinc hydroxide [Zn(OH);] : 
[A] Preparation : Zinc hydroxide is prepared when accurate amount (avoiding excess) of 
a solution of caustic soda or ammonium hydroxide is added to an aqueous solution of zinc salt. 
ZnSO, + 2NaOH = Zn(OH); | + NajSO, ; ZnCl,  2NH,OH = Zn(OH) |  2NH,CI 
(white рр!) 
[B] Properties : (i) It iswhite powder. (ii) On being heated it is converted to zinc oxide. 
Zn(OH); = ZnO  H;O. 


(iii) Itis amphoteric in nature. It reacts with acids to form the corresponding salts and excess 
of alkalis to form zincates. 


Zn(OH)  2HCI = ZnCl, + 2H;O ; 
Zn(OH) + 2HNO; = Zn(NO3), + 2H20 ; 


Zn(OH) + 2NaOH = Na;ZnO; + 2H,0 
Zn(OH)» + 2KOH = K,ZnO, + 2H,0. 
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(iv) It reacts with excess of ammonium. hydroxide producing a complex compound. 
i Zn(OH); + 4NHLOH = [Zn (NH3),] (ОН); + 4Н;О 


(3) Zinc sulphate—white vitriol [ZnSO,, 7H;0] : 


[A] Preparation : (i) Zinc sulphate is prepared by dissolving zinc or zinc oxide or zinc 
carbonate in dilute sulphuric acid. The solution thus obtained is filtered and made concentrated 
by evaporation and then cooled below 39°C when colourless crystals of hepta hydrate ZnSO», 
7H;O separate out from the solution. 


Zn + HSO; = ZnSO, + Ho ; ZnCO; + H;SO, = ZnSO, + CO; + HO 
(ii) On a large scale it is obtained by roasting zinc blende in a multiple hearth furnace at 


a temperature below 700°С in a current of excess air, when ZnS is oxidised to ZnSO, The 
roasted ore is treated with dilute HjSO, and filtered. The filtrate after concentration is cooled 


below 39?C when crystals of white vitriol separate out. 
ZnS + 20, = ZnSO,. 


[B] Properties : (i) It is colourless, crystalline and efflorescent substance. (ii) It is 
isomorphous with epsom salt MgSO,, 7H;O and green vitriol FeSO,, 7H20. (iii) On being 
heated, white vitriol gradually loses its water of crystallisation. At 70°C it is converted to hexa- 
hydrate ZnSO», 6H20. On heating next to 100°C the hexahydrate loses 5 molecules of water 
to form mono hydrate. On heating at 280°C anhydrous zinc sulphate is obtained. At above 
770°C, zinc sulphate decomposes to give zinc oxide, sulphur dioxide and oxygen. 


70°C 100°C 
ZnSO,, 7H;0 CHO ZnSO;, 6Н;О аст DusDe H;O 
280°C. 770°C 


ЖОС; ZnSO, ——> ZnO + SO; +O 
-H,0 


(iv) When an aqueous solution of caustic soda or caustic potash is gradually added to zinc 
sulphate solution, at first а white gelatinous precipitate of zinc hydroxide is obtained which 
dissolves in excess of the alkali solution with the formation of soluble zincate salts. 


ZnSO, + 2NaOH = Zn(OH)!-* NaSO; ; 
Zn(OH) + 2NaOH = Na,ZnO, + 2H;O 


ZnSO, + 2KOH = Zn(OH) і + Kj50i; 
Zn(OH) + 2KOH = К›7лО; + 2H,0 
(v) With ammonium hydroxide, at first a white gelatinous precipitate of zinc hydroxide is 
obtained which dissolves in excess of NH,OH with the formation of a colourless soluble 
complex hydroxide. 2 so. + 9NH,OH = Zn(OH): ! + (NHs):SOs ; 
; Zn(OH) + 4NH,OH = [Zn(NH3)4] (OH); + 4H20. 
(vi) With potassium sulphate and ammonium sulphate it forms double salts of the type 
M5S0,, ZnSO,, 6H20 where M = К or NHi. 


(vii) When barium sulphide is added to an aqueous solution of zinc sulphate, a heavy 
precipitate of zinc sulphide and barium sulphate is obtained. After filtration the precipitate is 
obtained as white powder which is used as white pigment. This white pigment is known as 


lithophone. ZnSO, + BaS = ZnS + BaSO, 


[С] Uses : Zinc sulphate is used— (i) in medicine as eye lotion, (ii) as a mordent in dyeing 
and calico printing, (iii) in zinc plating baths and in the electrolytic refining of zinc and (iv) for 
making lithophone—a white pigment. 
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(4) Zinc chloride (ZnCl, Н.О) : 

[A] Preparation : It is prepared by dissolving metallic zinc or zinc oxide or zinc hydroxide 
or zinc carbonate in dilute hydrochloric acid. The solution so obtained, on concentration and 
subsequent cooling crystals of mono hydrate zinc chloride separate out. 


Zn + 2HCI = ZnCl, + HT; Zn(OH); + 2HCI = ZnCl, + 290 
ZnO + 2RCI = ZnCl, + HO ; ZnCO, + 2НС1 = ZnCl, + CO; + HO 


Anhydrous Zinc chloride : Anhydrous zinc chloride can not be prepared merely by heating 
the crystal ZnCl;, НО, because the latter undergoes hydrolysis to form a basic chloride 
Zn(OH)CI which on further heating gives ZnO. 


ZnCl), HO = Zn(OH)CI + HC! ; Zn(OH)CI = ZnO + HCI T 
Hence, anhydrous zinc chloride is prepared— 
(i) .By heating metallic zinc in a current of dry chlorine; 
Zn + Cl; = ZnCl, 
(ii) By heating the mono hydrate in a current of dry hydrogen chloride gas. 
(iii) By distilling a mixture of zinc powder and mercuric chloride. 
Zn + НЕСІ, = ZnCl, + Hg 
(iv) By heating zinc oxide in a current of dry chlorine at 700°C. 
2ZnO + 2Cl, = 2ZnCl + О, 

[B] Properties : (i) It is white crystalline, deliquescent solid. (ii) It is soluble in water and 
many organic solvents. (iii) It undergoes partial hydrolysis with the formation of its basic 
ct ai ZnCl, HO = Za(OH)Cl + НСІ 


(iv) Anhydrous zinc chloride is hygroscopic. Yt absorbs ammonia with the formation of an 
addition compound. 


[C] Uses : (i) Zinc chloride is used as a dehydrating agent and a catalyst in many organic 
reactions. 


(ii) It is used in making parchment paper, active charcoal. 

(iii) It is also used as a preservative for timber and in the manufacture of dry cells. 
(5) Zinc carbonate (ZnCO)) : 

It occurs in nature as calamine. 


[A] Preparation : Zinc carbonate is obtained as a white precipitate when sodium 
bicarbonate solutionis added to zinc sulphate solution. The precipitate so obtained is separated 
by filtration. It is washed with water and dried over conc. H)SO4. 


ZnSO, + 2NaHCO, = ZnCO; і  Na;SO, + CO; + НО 


In the preparation of zinc carbonate, sodium carbonate is not used because it precipitates 
basic zinc carbonate of variable compositions. 


[B] Properties : It is white powder and insoluble in water. It decomposes on heating at 
200°C to give zinc oxide and СО]. 


ZnCO; = ZnO +.CO,T 
It dissolves in all acids giving the corresponding salts. 
ZnCO; + 2НС1 = ZnCl, + CO, + Н›О. 
ZnCO; + H2SO,= ZnSO, + CO; + HO. 


[C] Uses : It is used (i) in medicine for the treatment of skin diseases. (ii) as a fire proof 
agent. 
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(6) Zinc nitrate [Zn(NO3)2, 6H20] : 


[A] Preparation : It is prepared by dissolving metallic zinc or zinc oxide or zinc 
carbonate by dilute nitric acid. On concentrating the resulting solution to crystallisation, the 
hexa hydrate salt Zn(NO})2, 6H20 separates out from the solution. 


ZnO + 2HNO; = Zn(NO); + HO ; 3Zn + ВНМО; = 3Zn(NO;); + 2NO +4Н;О 


[B] Properties : It is colourless, crystalline and deliquescent solid. It is soluble in water. 
At 140°C it decomposes yielding zinc oxide and with the evolution of nitrogen dioxide and О». 


2Zn(NO3)2 = 2ZnO + 4NO, + О 
ө Preparation of different compounds of zinc and their inter conversions : 


Zinc sulphide | 


NH,OH + H;S 


NH,OH Heat ? HNO. 
+ 700°С dil, HCI dil HNO, ! 
HS excess air 


dil, Н,50, 


reduction 


Carbon 
reduction 
1400°C 


Excess NaOH 


ө Detection of zinc radical (Zn**) : 

[A] Dry tests : (i) Ignition test—Zinc salt is mixed with anhydrous sodium carbonate 
in the ratio 1 3 by weight and the mixture is heated strongly in a dry test tube, when a residue 
is obtained which is yellow while hot and white when cold. 

(ii) Cobalt nitrate test—Zinc salt is mixed with anhydrous sodium carbonate in the ratio 
123 by weightandthemixturę is heatedonacharcoal block, when a white incandescent residue 
of ZnO is obtained which is white when cold and yellow when hot. The residue is moistened 
withone dropof cobalt nitrate solution and heated again in an oxidising flame, when the residue 
turns green (Rinmann’s green). 

[B] Wet tests : (i) When H:S gas is passed through an ammoniacal solution of a zinc 
salt, a white precipitate of zinc sulphide is formed which is insoluble in acetic acid but soluble 


in HCL ZnCl, + HS = ZnS + 2НСІ 
2NH,OH + 2HCI = 2NH,CI + 2H20 


ZnCl; + 2NH,OH + H,S = 2NH4CI + ZnS 1 + 2H,0 
(ii) An aqueous solution of a zinc salt on being treated with potassium ferrocyanide, a 


white precipitate of zinc ferrocyanide is obtained. On addition of excess of potassium 
ferrocyanide, this precipitate is converted to zinc potassium ferrocyanide. 
2ZnSO, + Ki[Fe(CN).] = Zm[Fe(CN)] + 20:50, 
3Zn, [Fe(CN)d + Ka[Fe(CN)«] = 2Zn;K» [Fe(CN)s]2 
(Zn potassium ferrocyanide) 
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(iii) To an aqueous solution of zinc salt, when caustic soda solution is added gradually, at 
first a white precipitate of zinc hydroxide is obtained, which dissolves in excess of NaOH 
solution producing soluble sodium zincate salt. When NH,Cl is added to this solution and 
heated, the white precipitate reappears (difference from AP*). 

ZnSO, + 2NaOH = Zn (OH); J + №50; 
Zn(OH), + 2NaOH = Na;ZnO; + 2H;O 

ө Comparison of the properties of calcium, magnesium and zinc, 

(i) Calcium, magnesium and zinc occupy Group Il in the periodic table. Calcium and 
magnesium are placed in the sub group ПА and zinc in Group IIB. 

(ii) The electronic configurations of the metals are given below— 

Mg (12)—1s? 2s? 2p5 3s? 

Ca (20)—15° 2s? 2p* 3s? 3p* 4s? 

Zn (30)—15s? 2s? 2p$ 3s? 3p* 3419 45? 

From the electronic configuration it is observed that atoms of all three metals contain two 
electrons in their outermost orbit (ns?), consequently these metals exhibit valency 2. Each of 
these metals is capable of giving up 2 electrons of the outermost orbit yielding bivalent cations. 

Mg—2e — Mg”; Ca—2e — Са”; Zn—e > Zn” 

The only difference is observed that zinc atom has а! electrons in its penultimate shell and 
consequently zinc exhitbits some characteristic properties of transitional elements. 

(iii) Some of the physical properties of these metals are shown below— 


Physical properties Mg Ca Zn 

(1) Colour bright white bright white bright white 

(2) Conductivity of heat and | good conductor good conductor good 24 
electricity 

(3) Density 1.74 g/cm? 1.55 g/cm? 7.14 g/cm? 


(iv) Extraction : Out of these three metals; the electro-positive character of Ca is maximum 
and that of Zn is the lowest. Hence due to their strong electro-positive character the oxides of 
Ca and Mg are very stable and so calcium oxide is not reduced by carbon. However, MgO can 
be reduced by carbon at 2000°C. Consequently Ca and Mg are extracted by the electrolytic 
reduction of their anhydrous chloride salts, whereas metallic zinc can be extracted by carbon 
reduction of ZnO at 1400?C. 


(v) Action of air : The three metals being active, tarnishes slowly in moist air. Ca and Mg 
burns in air with the formation of their oxides and nitrides. 


2Mg +0, = 2MgO; 2Ca + О, = 2CaO 
3Mg + № = Mg3N>; 3Ca + №  CaN; 
Zn does not combine with nitrogen directly, however zinc nitride can be obtained when Zn 


is heated i ia. 
is heated in ammonia. 3Zn + 2NH; = ZnN; + 39,1 


(vi) Action on water : Ca reacts with cold water giving Н, while Mg reacts with boiling 
water evolving H5. Red hot Zn reacts with steam with the evolution of H2. 


Ca + 2H,O = Ca(OH), + Н,; Mg + 2H;0 = Mg(OH): + Н, 
Zn + H20 = ZnO + Н, 


(vii) Action on acids : As the.three metals occupy much ‘higher positions in the electro- 
chemical series, the electro-positive character of these metals are much greater than that of 
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hydrogen. Hence all of them can displace hydrogen from dilute HCI and H;SO,. Mg only can 
displace H; from cold and dilute HNO;. 

(viii) Nature of oxides : Both Mg and Ca form stable oxides of which CaO is most basic. 
The oxide of Zn is amphoteric in nature and so reacts with both acids and alkalis to form salts 
and water. СаО and MgO are sparingly soluble in water while ZnO is insoluble. 

(ix) Formation of hydrides : Ca directly combines with hydrogen at high temperature with 
the formation of calcium hydride. Calcium hydride isan ionic compound which ionises as Ca* 
and 2H7. Mg and Zn do not combine with hydrogen to form their hydrides. 

(x) Action on №: Mg and Ca directly combine with М; at high temperature to form their 
nitrides but Zn does not combine with N; under identical condition. However, zinc nitride is 
formed when Zn is heated with NH3. 

3Zn + 2NH; = Zn;N; + 3H2. = 

(xi) Characteristics-of chlorides : The chloride salts of all the three metals are hydrated, 
crystalline, deliquescent and soluble in water. Hydrated crystals of calcium chloride CaCl, 
6Н›О on being heated yields anhydrous CaCl, but when MgCh, 6H0 is heated, it undergoes 
hydrolysis with the formation of MgO. When hydrated ZnCl, HO is heated, it also undergoes 
hydrolysis and ultimately produce ZnO. 

ZnCl>, 0 —> Zn(OH)CI + HCl; Zn(OH)C] —> ZnO + HCI 

(xii) Characteristics of sulphates : The sulphates of all the three metals are hydrated, 
crystalline. MESO4, 7H;O and ZnSO4, 79,0 are soluble in water and are isomorphous. CaSO4, 
H,0 is sparingly soluble in water. 

(xiii) Carbonates : The carbonates of all the three metals are white and amorphous. They 
are insoluble in water. Each of the carbonates on being heated yields oxide with the evolution 
of СО». 

MgCO; = MgO + CO;; CaCO; = Сао СОТ; ZnCO;= ZnO + CO; T 

СаСО; is precipitated when Na;CO; is added to the aqueous solution of calcium salts. But 
when Na2CO; is added to the aqueous solution of Mg or Zn salts, ‘basic carbonates of Mg and 
Zn are obtained. When СО; is passed through CaCO; ог MgCO; suspended in water, yields 
the corresponding bicarbonates, but ZnCO; does not produce bicarbonate salt of zinc. 

(xiv) The nitrates of these metals are white, crystalline and deliquescent. All of them are 
soluble in water. On being strongly heated these nitrates yield the corresponding oxides. 


2Zn(NOs) = 2ZnO + 430+ 0; 2Mg(NO3)2 = 2MgO + 430 + О; 


e Exercises € 


1. (a Name the chief ores of zinc with their formulae. [H.S. (Т) 83] 
(b) Describe how crude zinc is extracted from zinc ore. Give equations of all the chemical reactions that 
occur during the extraction of Zn from its ore. [W.B .H.S. '86,'87, Tripura Н. 5. '85] 
2. (a) Describe the extraction of zinc from zinc blende. [1.1.7.778] 
(b) How would you remove small amount of cadmium from zinc. [W.B. H.S. '96] 
3. Write down the equations for the reactions by which the following conversions can be realised. 
In(NO3}2 —> ZnO —> 2150: — szn(OHk —2ZnCl, —>215. 
4. What is galvanisation ? Describe the process of galvanisation. State its important uses. 
[W.B.H.S. ‘83, Tripura H.S. '84] 


5. What is tinning ? Compare finning with galvanisation. Which one is more useful to prevent rusting. 
[W.B.H.S. '85, '96] 
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JE a 
6:4 Write short notes on : 

; (а) Zinc white, (b) White vitriol, (c) Philosopher's wool, (d) Anhydrous zinc cliloride. 
7. State the main uses of zinc. Name some useful alloys of zinc with their compositions and uses. 


8. (a) Compare the properties of calcium, magnesium and zinc. 
b) Starting from ZnSO, how can you prepare ZnO, Zns(PO,];, ZnS, Naz,ZnO; and ZnCO;. 


9. Explain why— 

(i) Anhydrous zinc chloride can not be obtained merely by heating the hydrated salt. 

(ii) Zinc is more stronger reducing agent than iron. 

(iii) Pb is precipitated when Zn powder is added to lead nitrate solution. 

(iv) A green residue is obtained when 1 drop of cobalt nitrate is added to zinc oxide and the mixture is heated 
in an oxidising flame. 

(v) Zinc oxide is an amphoteric oxide. 

(vi) Cu îs precipitated when Zn powder is added to CuSO, solution, but Zn is not precipitated when Cu powder 
is added to ZnSO, solution. 

(vii) Galvanised iron does not get rust easily while tin plated iron easily gets rusted, 

(viii) ZnCO; is not obtained when Ма;СО; is added to an aqueous solution of a zinc salt. 

(ix) During the carbon reduction of ZnO, carbon monoxide burns with a blue flame at the mouth of the 
prolong. The disappearance of this blue flame indicates the completion of reduction. м 
(x) Galvanised iron is not used аз a food stuff container. [LLT. *73] 

(xi) Both Zn and Fe are extracted by carbon reduction process, but zinc is not extracted in the blast furnace 
following а procedure similar to that of cast iron production. [W.B.J.E.E. '84] 
(xii) Zinc can be extracted by the electrolysis of ZnSO, solution, but aluminium can not be extracted by the 
electrolysis of Al(SO,]; solution. [W.B.J.E.E. '84] 

(xiii) Galvanised iron sheet is more durable than tin plated iron sheet. 

(xiv) Excess coke is added to ZnO during its carbon reduction. 

(xv) Though the boiling point of zinc is 920°C, the carbon reduction of ZnO is carried out at 1400°C. 

(xvi) During the roasting of zinc blende, the temperature and the current of hot air must be controlled. 

(xvii) During the electrolytic reduction of zinc sulphate very pure zinc sulphate should be used as the 
electrolyte. 

(xviii) White ZnO becomes yellow on heating but turns white again on cooling. 

(хіх) Zn(OH)2 dissolves both in NH,OH and NaOH but Cu(OH)2 dissolves only in NH4OH. 

(xx) Zinc but not copper is used for the recovery of silver from the complex ion [Ag(CN];]. 


10. In connection with the extraction of zinc from zinc blende by carbon reduction process, furnish the 
following informations—{a) raw materials used, (b) role of each raw material, (c) role of air, (d) chemical reactions 
which occur during the extraction, (e) collection of metallic zinc, (f) the by-products and their uses. 

11. State giving equations what happens when— 

(i) To a solution of sodium nitrate, caustic soda and zinc dust are added and the mixture is heated. 


IW.B.H.S .'96]" 
(ii) Zinc dust is added to a solution of ferric chloride acidified with dil HCI. 


(iii) Zinc rod is dipped in a solution of lead acetate. 

(iv) Steam is passed over red hot zinc. 

lv) Zinc dust is added to-hot and concentrated NaOH solution. 

(vi) Zinc nitrate is heated strongly. [H.S.(T] *85] 

(vii) Hydrated zinc chloride is heated. 

lviii) Excess of NaOH solution is added gradually чо zinc sulphate solution and HS gas is passed through 
the resulting solution. [H.S .'90] 

(х) Ammonia is passed over heated zinc. 

(xi) Dry hydrogen chloride gas is passed over heated zinc. 

(xii) NaOH solution is added to a mixture of zinc dust and solium nitrite. 

(xiii) NaHCO; and Na2CO; solution are separately added to zinc sulphate solution. 
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(xiv) Barium sulphide is added to an aqueous solution of zinc sulphate. 

(xv) ZnO is taken on a charcoal block and 1 drop of cobalt nitrate is added to it and the mixture is heated 
in an oxidising flame. " 

(xvi) Hydrated zinc sulphate is gradually heated to high temperature. 

(xvii) Excess of potassium ferrocyanide is added to zinc sulphate solution. 

(xviii) Excess of NH4OH is added to ZnSO, solution. 

12. A white solid insoluble in water, on being heated strongly evolves a colourless and odourless gas. The 
residue turns yellow on heating and white on cooling. Identify the white solid. Why does the white residue turn 
yellow on heating ? [Ans. ZnCO;. residue ZnO] 

13. You are given unlebelled four packets of substances of zinc, namely ZnO, Zn(OH)2, ZnCO; and ZnS. 
How will you proceed to identify each of them ? 

14. You are given two separate tesMubes— one containing AlCl; solution and the other containing ZnCl; 
solution. When NaOH solution is added to both the solutions at first white gelatinous precipitates are obtained 
in both the test tubes which dissolve on addition of excess of NaOH. How would you proceed to identify the test 
tube which contains AP* and the test tube which contains Zn?*. 

15. A white powder is taken on a charcoal block and one drop of cobalt nitrate is added to it and the mixture 
is heated strongly with a blow pipe in oxidising flame when green residue is obtained on the charcoal block. What 
basic radical is present in the white powder? Write down the equations of the chemical reactions which occur in 
this process. 

16. A compound (X) imparts a golden yaen flame and exhibits the following reactions—(i) zinc powder 
when boiled with a concentrated aqueous solution of (X) dissolves and hydrogen is evolved, (ii) when an aqueous 
solution of (X) is added to an aqueous solution of ZnCl, a white precipitate is obtoined first, which dissolves in 
excess of solution of (X). Identify (X) and write equations for reactions at steps (i) and (ii). [Ans. NaCH] 

17. Mention the chemical name and formula of (a) philosopher's wool, (b) lithophone, (c) white vitriol. 


18. Prove that— : 
(a) Zinc sulphate contains sulphur, (b) Zn(INO;); contains nitrogen, (c) zinc oxide contains zinc, 
(d) ZnCO; contains carbon, (е) zinc chloride contains chlorine, (f) zinc sulphide contains sulphur. 
19. How would you prepare— і 
(a) white vitriol from zinc nitrate, (b) anhydrous ZnCl, from zinc oxide, (c) zinc carbonate from ZnSOu, 
(9) zinc sulphate from zinc carbonate, (е) zinc sulphide from ZnSO». 
20. Give reasons why— 
(a) NH,Cl (excess) is added to a mixture of aqueous solution of Al(SO;); and ZnSO,. When NH,OH 
is added to this mixture, Al(OH); is precipitated but 2л(ОН) does not precipitate. 
(b) When H2S gas is passed through a mixture of an aqueous solution of CuSO, and ZnSO, both CuS 
and ZnS are precipitated, but if HCl is present in the solution only CuS is precipitated but not ZnS.- 
21. Answer the following questions giving reasons— 
(a) During the extraction of zinc from calamine and zinc blende, why calamine is subjected to calcination 
and zinc blende is subjected to ‹‹ asting ? 
(b). Explain how the production of ZnSO, during roasting of zinc blende causes much disadvantage 
during carbon reduction. 
(c) How is ZnSO, produced during the roasting of zinc blende? How can this production of ZnSO, be 
prevented 2 
(d) Into what products is zinc blende converted for the extraction of zinc by (i) carbon reduction process 
and (ii) electrolytic reduction? 
(е) During the electro-refining process of crude zinc, why the electrolyte ZnSO, should be very pure? 
(f) Name two hydrated salts which are isomorphous to ZnSO,, 7H;O. 


22. Identify the unknown species and complete the following— 


(а) (A) + Hs E> (в) White ppt + 2HCI 


(А) + NaOH — (C) ppt S&S (D) soln. 
(b) 219 — 95 (a) e Zn« CO 
(c) (A) + 2150, —э (В) + BaSOx 
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@ Objective type questions : 
1. Fillin the blanks : 

(а) is not precipitated in the Gr Il by passing Нг5 in a solution containing acidified ZnCl;. 
(b) Zn(OH); dissolves in excess of NaOH due to the formation of 
(c). The colour of the precipitate obtained by adding K/[FelCN];] to zinc chloride solution is 
(d) is precipitated when H; is passed through ammoniacal solution of a zinc salt. 
(e) Formula of Rinmann's green is 
(f) The colour of hot ZnO is 
(g) Galvanisation is the process of depositing on the surface of 
(h) Presence of zinc in iron corrosion of the latter. 


articles. 


2. Select the correct answer : 
(i) Which of the following oxides is white in colour but becomes yellow on heating 2— (а) AgzO, (b) FeO, 


(c) HgO, (9) ZnO. [Ans. (d)] 
(ii). Which of the following is not precipitated as sulphide by passing HS in presence of dil HCI ? 
(a) Hg, (b) Ag; (e) Pb, (9) Zn. [Ans. (d)] 
(iii) Which one among the following pairs of ions can be separated by HS in dil HCl ? 
(a) РЬ, Ag*; (b) Hg’, Cu?*; (с) Cv?*, Zn?*; (9) Cu?*, Ag*. [Ans. (с)] 
(iv). When HS is passed through an ammoniacal salt solution (X), a white precipitate is obtained. The (X) can be— 
(а) Ре(ОН)з, (b) Zn(OH)z, (c) Cu(OH); (d) МӘ(ОН). [Ans. (b)] 
(v). Which of the following is soluble in excess of NaOH ? 
(a) Fe(OH, (b) Zn(OH);,. (c) СУОН), (d) Mg(OH)2. [Ans. (b]] 
(vi) Chinese white or philosopher's wool is— 
(a) 7пСО», (b) HgSOx, (с) ZnSO,, (9) ZnO. [Ans. (d) 
(vii) Zinc blende is concentrated by— 
(a) Electro-magnetic process, (b) Calcination process, (c) Distillation, (d) Froth floatation process. 
[Ans. (d) 
(viii) Which of the following dissolves in hot conc. solution of NaOH Г.Т. *80] 
(a) Zn, (Ы) Ғе, (c)Ag, (9) Со. [Ans. (a) 
(ix) Normal zinc carbonate is prepared by treating ап aqueous solution on ZnCl, with— 
(a) Мо;СОз, (b) NaHCO;, (c) by passing СО», (d) K,CO, [Ans. (b)] 
(x) Which of the following is the weakest base— ІМТ. 82] 
(a) NaOH, (Ы) KOH, (c)CalOH), (d) Zn(OH)2. [Ans. (d) 
3. Explain why all soluble salts of zinc form colourless solution. 
4. What is the percentage of silver in german silver ? [W.B.J.E.E. '96] 


5. When solution of Zn** was added to a solution of NaOH, a clear solution was obtained, when NH,Cl 
was added to the clear solution, 21(ОН), precipitated. Explain these observations using chemical equation. 


[W.B.J.E.E. '96] 
[Hints : Zn** + ANaOH = NazZnO; + 2Na* + 290 
2NH,Cl + 2H;O = 2NH,OH + 2HCI; Nas;ZnO; + 2HCI = Zn(OH); J + 2NaCl] 


6. А white substance when heated in a test tube, produced a colourless, odourless gas leaving a residue 
yellow when hot white on cooling. The residue was dissolved in dil HCl and made alkaline with NHCl and NH4OH 
solution. Now H25 gas is passed through the solution when a white precipitate was obtained. 

(i) What was the original substance ? 

(ii) Write the equation for the action of heat. 


(iii) What was the white precipitate formed with HS 2 [1.5.С. 92] [Ans. ZnCO3, ZnO, ZnS] 


MERCURY AND 
ITS COMPOUNDS 


e Mercury 6 


Symbol : Hg At. No. : 80 At. wt. : 200.6 
Electronic configuration : [Xe] 4454065? Electro-negativity: 1.9 М.Р. = -38.9°С 
b.p. = 356.6°С Density = 13.6 g/ml ^ Atomic radius = 1.44 À 


8.1. Occurrence of mercury : 

The alchemists of India, Arabia and Europe paid a great attention to the extraction of this 
metal. In Indian Aurved sastra mercuric sulphide was used as swarna sindoor which was 
regarded as the panacea (universal remedy) of all human diseases. The only ore of mercury is 
cinnabar, HgS. It occurs in Spain, California and Mexico. 


8.2. Extraction of mercury. 
(a) The old process : This process is still used in Spain. The finely divided ore is roasted 
in a current of air in a shaft furnace. The produced vapours are allowed to pass through. a 
series of stoneware receivers called aludels where the vapours are condensed to таб 
mercury. 
(b) Modern process : (i) In this process cinnabar is crushed to powder and the crushed ore 
is then concentrated by froth floatation process. 
(ii) The concentrated ore is mixed with charcoal and the mixture is fed into the shaft 
furnace through a hopper at the top having cup and cone arrangement. The furnace is fired and 
y a blast of air is blown into the furnace. The 
Hgs is oxidised to HgO which decomposes 
| Ore & charcoal to metallic Hg. The vapours 
containing Hg, CO and 50; 
are passed through a series 
of earthenware pipes cooled 
in water where mercury 
vapours are condensed at 
the bottom and Hg is collec- 
ted in the receivers. CO 
and SO; pass өш as waste 
gas. 
2HgS + 30> = 2HgO + 250,7 
HgO + С= НЕ+ COT 
(iii) Purification 
Metallic Hg thus obtained 
contains Zn, Pb, Cu etc., 
which are oxidised in air to D yf 
form a black scum on the 
Fig. 8.1 : Extraction oHnercury surface of Hg. Moreover Fig. 8.2: 
due to the presence of these impurities mercury leaves a trail of grey residue Purification of 
when made to run over a glass surface. The dissolved impurities are removed mercury 
from Hg by running the mixture repeatedly in a thin stream down a long glass tube containing 
5% HNO. The metal is then dried and filtered through a chamois leather and finally distilled 
in vacuum. 


Sy 
j Нр vapour & 


Residual 
ore 
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8.3. Properties of mercury. 


(i) Mercury is silvery white liquid metal—volatile even at ordinary temperature: Its 
vapour is monatomic and poisonous. It is heavy (sp. gr. 13.6) which boils at 357°C. It is the 
only metal which is liquid at ordinary temperature. This is because of its exceptionally high 
ionisation energy, it is very difficult for its electrons to participate in the metallic bonding. 
Mercury is very good conductor’of heat and electricity. 


(ii). When mercury is ground with fats or sugars or even when it is shaken violently, it is 
converted into grey powder. This phenomenon is known as ‘killing’ or deadening of mercury. 


(iii) Action on air or oxygen : At room temperature, Hg is uneffected by air or oxygen, but 
on being heated to its boiling point in pressence of air it forms red mercuric oxide on the surface 
which on further heating decomposes to mercury and oxygen. 

2Hg + О = 2HgO ; 2HgO = 2Hg +O, 

(iv) Action on acids : (a) Mercury is not attacked by non oxidising acids such as НСІ or 
dil H2SO, but reacts with hot and conc. H2SO, to liberate SO» with the formation of mercuric 
sulphate or mercurous sulphate depending upon whether Hg or H5SO, is in excess. 


2Hg + 2H5SO, = Hg;SO, + SO; + 2H20 
Hg + 29,80, = HgSO, + SO; + 2H20 

(b) Co and dil HNO; reacts with Hg to produce nitric oxide and mercurous nitrate. 

6Hg + 8HNO; = 3Hg;(NO3); + 2NO + 4H20 

Hot and conc. HNO; evolves brown fumes of NO» with the formation of mercuric nitrate, 

Hg + 4HNO; = Hg(NO3); + 2NO; + 2H20 

(c) In presence of conc. H2SO, it reduces HNO; solution or alkali metal nitrate to liberate 

nitric oxide. This reaction is quantitative and is used in the estimation of nitrate. 
NaNO; + H)SO4, = NaHSO, + HNO; 
6Hg + 3H2SO,4 + 2HNO; = ЗНр;50; + 2NO + 4H20. 

(v) Mercury is not attacked by water, steam or alkalis. 

(vi) Chlorine, bromine, iodine, sulphur and NO»readily attack mercury atroom temperature. 
Mercury loses its mobility and lustre when comes in contact with ozone due to the formation 
of mercurous oxide. He «Cl = HeCh; My +1, « Hel, 

Hg * NO; = HgO * NO ; 2Hg + О; = Hg;O + О 

(vii) Mercury dissolves in many metals to form amalgam with the evolution of heat. It 
amalgamates with Na, K, Ag, Au, Zn, Cd, Sn etc., but not with Fe, Mn, Co, Ni. This explains 
why Hg is stored in iron containers. 

8.4. Uses of mercury. 

Mercury is used (i) in the construction of thermometers, barometer, pressure gauge and 
vacuum pumps, standard cells and mercury vapour lamp for ultra violet radiation; 

(ii) in the manufacture of vermilion pigments; 


(iii) in making silver amalgam for dental filling, mercury fulminate for ammunation 
industries, amalgamated zinc for galvanic cells, tin amalgam for coating miror; 


(iv) Sodium and aluminium amalgams are used as reducing agents; 


(v) Mercury compounds are used as fungicides and antiseptics. These are also used in the 
preservation of timber; 


(vj) Some of mercury compounds are used as catalysts. Thus HgSO, is used in the oxidation 
of acetylene into acetaldehyde. 


MERCURY AND ITS COMPOUNDS 179 


8.5. Compounds of mercury. 


(i) Mercury forms two series of compounds mercurous and mercuric but the valency of the 
metal is 2 in each case. Mercurous compounds contain a Hg-Hg bond. Hence mercurous and 
mercuric ions are represented as Hgj* and Hg” respectively. The two mercury atoms are 
linked together using 6s orbital. X-ray diffraction, equilibrium constant study, Raman spactra, 
magnetic properties, the measurements of e. m. f. of a concentration cell and the molecular 
weight determinations show that all mercurous compounds exist as dimers. This explains why 
the formula of mercurous chloride or mercurous nitrate is not НЕСІ or HENO; but Hg;Cl» and 
Hg2(NO3)2 respectively: 

(ii) Mercurous compounds are not very stable and tend to undergo the following 
disproportionation reaction. Heit = Hg Hg'* : 


(iii) All mercury compounds tend to be volatile and many sublime. 

(iv) Mercurous compounds generally behave as strong reducing agents, because of high 
polarisation power (Fajan's гше 5d!°). 

(у) Mercuric compounds are predominently covalent and forms complexes. 

(vi) Aqueous solution of mercuric compounds must be colourless (completed 5d orbitals). 
However, due to high polarisation power, charge transfer from the polarisable anion to Hg (7) 
takes place making those compounds coloured. This explains why Hgb, HgBr; and HgS are 
coloured, 

[A] Mercurous Compounds. 

1. Mercurous chloride, Calomel [Не:С] : 

[A] Preparation : (a) It is prepared by heating an intimate mixture of mercury and finely 
divided mercuric chloride. Hg + HgCl; = Hez r 


(b) It is obtained as white residue when SO» gas is passed into an aqueous solution of 


Halo; 2HgCl; + $0; + 29,0 = HgjCl) + HaSO, + 2HCI 
(c) Mercurous chloride may also be obtained as a white precipitate when dil НСІ or an 
aqueous solution of sodium chloride is added to mercurous nitrate at room temperature. 
Hg,(NO3)2 + 2НСІ = Hg;Cl + 2HNO3 
(d) A white precipitate of Hg2Ch is obtained when SnCl solution is added to excess of 


HgCl; solution. 2HgCl; + SnCl = Hg;Cl + SnCly 
[B] Properties : (1) Calomel is a white powder, almost insoluble in water, alcohol, 
acetone, ether and carbon tetrachloride. It sublimes at 373867 
(2) Itblackens on exposure to light due to separation of mercury by partial decomposition. 
HgjCl = Hg + HgCl. : 
(3) It is soluble in aqua regia with the formation of mercuric chloride. 
Hg;Cl; + 2C1 = 2HgCl 
(4) It dissolves in Aot concentrated nitric acid with the formation of mercuric nitrate. 
3Hg;Cl; + 8HNO; = 3HgCl + 3Hg(NO3)2 + 2NO + 4H20 
(5) It is insoluble in dil HCI but goes into hot concentrated HCI with the deposition of 
metallic mercury. 
Hg;Cl; + 2НС1 = Hg + H2[HgCl4] ; Hg;Cl + НСІ = Hg + H[HgCl3] 
(6) It is reduced by SnCl, to form black metallic mercury. 
Hg;Cl, + SnCl; = 2Hg + SnCly 
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(7) When treated with NH, it turns black due to the formation of white amino mercuric 
chloride and black metallic mercury. 
2NH; + Hg;Cl; = Hg + NH;HgCl + NH.CI 
Solid mercurous chloride also absorbs NH gas to form a white precipitate Hg)Cl.2NH3. 


(8) Alkalis react with mercurous chloride to form a black residue. This may probably be 
the origin of the name calomel from the greek word kalomelas meaning beautiful black. 


Hg;Cl; + 2NaOH = 2NaCl + Hg2(OH)2 
Hg,(OH), = Hg + HgO + ЊО 

[C] Uses: It is used in medicine as apurgative and for making standard calomel electrode. 

2. Mercurous nitrate [Hg2(NO3)2, 2H20] : 

[A] Preparation : (a) It is prepared by the action of cold and moderately dilute HNO, on 
metallic mercury in excess. Hg is kept excess to prevent the oxidation of Hg2(NO3)2 into 
mercuric nitrate. Yellow crystals of mercurous nitrite is formed in situ as the first product which 
dissolves due to oxidation by HNO; to mercurous nitrate. 

6Hg  8HNO; = 3Hg2(NO3)2 + 2NO + 4H20 

On crystallisation from the solution colourless crystals separate out. 

(b) When metallic mercury is vigorously shaken with mercuric nitrate and the resulting 
solution is evaporated after filtration Hg2(NO3)2 is formed. 

Hg(NO3)2 + Hg = HgXNO3)» 

[В] Properties : (i) It is a colourless crystalline substance, highly soluble in water. 

(ii) When excess of water is added to an aqueous solution of mercurous nitrate, a white 
precipitate of basic nitrate. is formed. 

2Hgx(NO3); + 290 = Hg(NO3)2, Hg20, H20 + 2HNO;. 


(c) On heating, the crystal of mercurous nitrate first decomposes into red mercuric oxide 
and brown fumes of NO;. On further heating mercuric oxide decomposes to form vapours of 
mercury and oxygen. 


Hg,(NO3) = 2Hg0+2NOQ; | 2HgO = 2Hg + O2 

(d) With dil НСІ it produces a white precipitate of Hg2Clz in the cold. 
Hg;(NO3); + 2НСІ = Hg;Cl; + 2HNO; 
(e) With dil H980; it forms a white precipitate of mercurous sulphate in the cold. 
Hg2(NO3) + H2504 = Hg2SO4 + 2НМО, 
[C] Uses :Itis used to detect semimicro quantity of NH3. Thus paper soaked in Hg;(NO3) 
solution becomes black when exposed to NH3. 
HgX(NO3); + 2NHs = Hg + NH2HgNO; + NH;NOs 
(black) 

[B] Mercuric Compounds. 
1. Mercuric oxide (HgO) : 
Mercuric oxide exists in two forms : red crystalline solid and yellow amorphous powder. 


. [A] Preparation : (a) The red variety is obtained when metallic mercury is heated in 
contact with oxygen or air at 300*C. When heated further it is decomposed into mercury and 
oxygen. Hence the reaction is reversible. 


2Hg + О, < 2HgO 
D red 
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(b) It is also obtained by heating at a moderate temperature either mercuric nitrate or a 
mixture of mercury and mercuric nitrate in a hard glass tube. 


2Hg(NO3)2 = 2HgO + 4NO; + O2 
Hg + Hg(NO3), = 2HgO + 2NO, 

(c) When boiling solution of mercuric chloride and potassium carbonate is mixed, red 

mercuric oxide is obtained, 
HgCl; + K,CO; = HgO + 2КСІ + CO? 
(d) When yellow HgO is heated to 300°C red HgO results. 
300°C 
HgO == HgO 
Yellow red 

The yellow oxide of mercury is obtained when a solution of caustic soda is added to either 

mercuric chloride or mercuric nitrate, 
HgCl, + 2NaOH = HgO + HO + 2NaCI 

[B] Properties : (1) Itisa basic oxide, soluble in acids but insoluble in water. Its aqueous 
suspension is alkaline. 

(2) When chlorine gas is passed over yellow HgO cooled to 10°С, chlorine monoxide is 
produced 2HgO + Cl; = HgO, HgCl + CO 

(yellow) 

(3) When heated to 300°C, the yellow oxide turns to red. On further heating it becomes 
almost black. The red colour returns on cooling. Around 500°C the black oxide decomposes 
into mercury and oxygen. 


300°C Strong ~ 500°C 1 
HgO. > НЕО SUD НЕО — — > Hg + '/02 
(yellow) (red) eat (black) 


(4) When potassium iodide solution is shaken with an aqueous suspension of HgO, the latter 
dissolves with the formation of potassium tetra iodo mercurate (П) and KOH. The resulting 
solution is known as Nessler's reagent. 

HgO + Н0  4KI = Ko[Hgl4] + 2KOH 
Nessler's reagent 


[Millon's base: A light yellow insoluble powder is formed when aqueous NH; is gently warmed with finely 
powdered yellow mercuric oxide. It has the formula NHgaHsO3. This is known a Millon’s base. When heated to 
125°C in NH3 gas, it loses water and forms a dark browns explosive powder NHg2OH. Millon’s base is 
represented by OH-Hg-O-Hg-NH2.H20.]. 


[С] Uses : It is used (i) as a red pigment in oil paints, (ii) as a mild antiseptic in 
ointments. 

2. Mercuric chloride, Corrosive sublimate (HgCl2) : 

[A] Preparation : (a) Mercuric chloride results when dry Cl» gas is passed over heated 
mercury. Hg + Cl, = HgCh 

(b) When HgO is dissolved in dil НСІ a solution of mercuric chloride is formed. 

HgO + 2НСІ = HgCh + НО 
(c) It сап be prepared by dissolving either HgCl; or Hg in aqua regia. 
HgjCl + 2Cl = 2HgCl; 


CH-11/33 
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[B] Properties : (1) Mercuric chloride is a white, needle-shaped crystalline solid, soluble 
in hot water andis sparingly soluble incold water. Itisalso soluble in organic solvents like ether, 
alcohol, benzene etc. 

(2) Aqueous solution of НЕСІ» is acidic which is due to slight hydrolysis. It ionises in 
aqueous solution to small extent. 

HgCh <= HgC + СГ ; HgCI* => Hg" + СГ 

(3) When caustic alkalis аге added to НЕСІ, solution, at first a reddish brown precipitate 
of basic mercuric chloride 2HgClz, HgO results. On addition of excess of alkali a yellow 
precipitate of HgO is obtained. 

3HgCl; + 2NaOH = 2HgCh, HgO + 2NaCl + H20 
2HgClo, HgO + 4NaOH = 3HgO + 4NaCI + 290 
(4) With H3S initially a white, then yellow, brown and finally a black precipitate of HgS 
is formed. Excess of H2S gives black HgS. 
The white precipitate is the chloro sulphide Hg3S?Cl; or HgCl;, 2HgS which is decomposed 
by HS. 3HgCl; +295 = Hg3SCl + 4HCI 
Hg3S;Cl; + HS = 2HCI + 3HgS 
(5) On adding SnClz initially a white precipitate of HgCl» results. On addition of excess 
of SnCl; a grey-black metallic mercury is formed. 
2HgCly + SnCl = SnCly + HgClo 
: НрСі + SnCl; = 2Hg + SnCly 
(6) It reacts with NH, to produce a white precipitate of amino mercuric chloride known as 
infusible white precipitate as it volatilises without melting. 
HgCl; + 2NH3 = Hg(NH?)Cl + NH,CI 
However, when NH; is added to a mixture of HgCl; and NH4CI solution, a fusible white 
precipitate results. The latter melts without decomposition. 


МАС МНХ, 


[e] 
/ 
7 Hey 


HgCl; + 2NH; 
NH; a 
(7) It dissolves in conc. HCl when the white crystals of chloromercuric acid results. 
HgCl, + НСІ = H[HgCl;] 
(8) When KI solution is added drop by drop to an aqueous solution of НЕСІ, a red 
precipitate of mercuric iodide is formed. The latter dissolves on adding excess of KI to form 
a colourless solution of potassium tetra iodo mercurate (Ш). 


НЕСІ, + 2KI = Hela -2KCl; _ НгЬ+2КЇ = KXHgL) 
[C] Uses : (1) Mercuric chloride is a deadly poisonous material. It is used in medicine 


as an antiseptic and disinfectant—0.1% solution of НЕСІ» is used for sterilising surgical 
instruments. > 


(2) It is also used for the preservation of wood, skins against insect poison. 

3. Mercuric Iodide (Не) : 

[A] Preparation : (1) When calculated quantity of potassium iodide is added іо HgClz 
solution at room temperature, a yellow precipitate of Неї, is formed which rapidly changes 


into scarlet red. 
HgCl; + 2KI = Неї, + 2KCI 
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(2) When a mixture of Hg and Iodine is rubbed in presence of alcohol, Неї» results. 
Не +1, = Hgh 


(3) When calculated amount of potassium iodide is added to an aqueous suspension of finely 
powdered HgO, a red precipitate of Hgh, results. 
HgO + H20 + 2KI = Hgh + 2KOH 
[B] Properties : (1) Mercuric iodide is a solid, exists in two forms (i.e., dimorphic),— 
yellow and red. The yellow form is rhombic, unstable at ordinary temperature while the red 
form is tetragonal—changes to yellow form at above 127°C. 
127°С 
Не ===> Hgh 
(red) (yellow) 
It is readily soluble in alcohol but sparingly soluble in water. 
(2) It is readily soluble in potassium iodide forming complex potassium tetra iodo 


mercurate (ЇЇ). Hel; +2KI = КНЕ) 


(3) It forms insoluble coloured complexes with Cu(II) and Ag(I) salts which contain 
[ЇНЇ] ions e.g., Си [нец], Ag2[Hg14]. 


2CuSO; + HgCl; + 6KI = Cuj[Hgl;] +15 + 2KCI + 20504 
2AgNO; + HgCl; + 4КІ = Ag;[Hgl4] + 2KCI + 2KNO3 
(4). When it is shaken with НЕСІ» solution, it dissolves forming mercuric chloro iodide. 
Неї, + HgCl; = 2HgICl 
4. Mercuric thiocyanate [Hg( CNS);] : 
[A] Preparation : It is prepared by adding potassium thiocyanate solution to mercuric 


E cn НЕСІ, + 2KCNS =`2КСЇ  Hg(CNS); 
Itis insoluble in water. It forms insoluble precipitate with Co**, Fe**, Zn** ions. 
Zn** + 2Hg(CNS); = Zn[Hg(CNS)4] + Hg** 
Pallets of Hg(CNS) and gum when ignited, swells, and forms long snake like tubes 
known as Pharaoh's serpent. 
5. Mercuric sulphide (vermilion) (HgS) : 


[A] Preparation : It occurs in nature as cinnabar. It is prepared by grinding Hg with 
sulphur in presence of little KOH solution. 


Hg+S = Hgs. 
The red variety is obtained by heating a mixture of Hg and patassium penta sulphide. 
Hg + K255 = HgS + K254 
[B] Properties : It occurs in red and black variety. It is decomposed by conc. H2SO4 
to form mercuric sulphate. 


HgS + 29,50; = HgSO, + SO; + S + 290 
With conc. HNO; it is converted to mercuric thionitrate (white). 
3HgS + 2HNO3 = Hg3S2(NOs)2 + H2S 
It dissolves in concentrated solution of alkali sulphides to form thio salts. 
HgS + Ма$ = NajHgS2 
[C] Uses : Used as pigment, in medicine. ‘Sindur’ is nothing but mercuric sulphide. 
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ө Detection of Hg salts : 1 

(i) Hg compounds on being heated with Na CO; in a test tube forms a grey sublimate on 
the cooler part of test tube. The sublimate when rubbed with a glass rod produces shining 
globules of Hg. E 

(ii) When a piece of clean copper is dipped in soluble mercury salts,the Cu piece becomes 
coated with shining metallic Hg. : 


ө Distinction between mercuric and mercurous salts : 


Mercurous Salt Solution 

1. HS Initially а white precipitate, Black precipitate of HgS along 
which turns yellow, then brown with Hg 
and finally black. 

2. NH,OH solution White precipitate. Black precipitate. 

3. Dilute НСІ No precipitate. White precipitate of Hg2Cl2. 

4. NaOH solution Yellow precipitate of HgO. Block precipitate contains 

Hg, Hg;O and HgO. 
5. КІ solution Red precipitate of Hgl Yellowish green precipitate of 
Hab. 

6. SnCl; solution At first a white precipitate Black precipitate of Hg 
followed by black precipitate. Но" + Sn** = 2Hg + Sn**** 
2Hg'* + Sn*t = Hgi* + Sn 
Hgj* + Sn** = 2Hg + Sn**** 


€ Exercises 6 


j 1. How does mercury occur in nature ? How is the metal extracted ? Why does a mercury, (I) nitrate give 
a precipitate of mercury, (11) sulphide on passing HS gas through һе aqueous solution of the salt ? 
2. What is Nessler's reagent ? How is it prepared ? State one of its use. 
3. Sing from mercuric chloride how would you prepare mercurous chloride, mercuric oxide and metallic 
mercury 
4. Distinguish chemically between HgCl; and На. 
5. Write brief notes оп: 
(a) Vermilion, (Ы) Pharaoh's serpent, (c) Corrosive sublimate, 
(d) Calomel, (e) Infusible white precipitate, f) Millon's base. 
6. What happens when (Give equation) : 
(a) Ammonia is added to mercutic chloride solution. 
(b) Mercuric oxide is shaken with potassium iodide solution. 
(c) A copper strip is dipped into mercuric nitrate solution. 
(d) Potassium iodide is added to mercuric chloride solution. 
(e) Stannous chloride is added to mercuric chloride solution. 
(f) Mercuric chloride is heated with sodalime in a test tube. 
(g) Ammonia reacts with mercurous chloride solution. 
(hj Caustic soda solution is added to mercuric chloride solution. 
(i) H2S gas is passed into mercuric chloride solution. 
(il Dry Cl; gas is passed through an aqueous suspension of HgO. 
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(k) Mercury is warmed with potassium pentasulphide. 
(I) HgS reacts with hot concentrated HNO3. 
- (m) Metallic mercury is warmed with conc. Н504. 
(п) KI is added to a solution containing HgCl; and AgNO3. 
. Explain the following : 
(а) HgCl, and SnCl, can not exist together in an aqueous solution. 
(b) The colour of mercurous chloride changes from white té black when treated with ammonia. 


N 


[L.LT. “88] 
(с) Mercury can not be kept in gold container. 
(d) Mercuric chloride is called corrosive sublimate. 
(e) Mercury is liquid at room temperature. 
(f) Mercuric nitrate on heating forms metallic mercury but not mercuric oxide. 
(g) Mercury is stored in iron botlles. 
8. How would you bring out the following conversions : 
(a) Calomel into corrosive sublimate and vice versa. 
(b) Mercury to vermilion. 
(с) Mercuric iodide to Nessler's reagent. 
(d) Metallic mercury into calomel. 
9. Fillin the blanks : 
(a) Mercury is a _______ at ordinary temperature. [Ans. : liquid] 
(b) Nessler's reagent is used to detect... [Ans. : Ammonia] 
(с) The alloys of mercury with other metals are called _____. [Ans. : Amalgams] 
(d) An alkaline solution of _____ is called Nessler's reagent. [Ans. : KoHgl4] 
(e) Cinnabar is an ore f ——. [Ans. : Mercury] 
(f) Vermilion is. [Ans. : HgS] 
(g) Pharaoh's serpent contain — ——. [Ans. : Hg (CNS)2] 
(h) The formula of Millon's baseis.—— [Ans. : NHg2HsOs] 
10. Multiple choice question : 
(а) The metal liquid at room temperature is 
(i) Fr, (ii) Cd, (ш) Zn, (iv) Hg. [Ans. : (iv)] 
(b) lodide of Million’s base is 
(i) HgBro, (i) Hla, (iii) KalHgl4] + KOH, (iv) NH2Hg;OL. [Ans. : (iv) 
(с) Calomel is the name of 
(i) HgzCl, (i) HgClo, (Hi) HgzCla + Hg, (iv) HgCl Hg. [Ans. : (i 
(d) Mercury forms amalgams with all metals except 
li) Cu, (ii) Co, (ш) Mg, (iv) Av. [Ans. : (ii)] 


(e) Pharaoh's serpent contains 
(i) Hg(CN);, (ii) Hg(CNS), (iii) HgCl + Hg(CN]z, (iv) Hg2Cl + Hg(CNS)». — [Ans. : (ii]] 
(f) Cinnaber is the ore of 


(i) Zn, (ii) Cd, (ii) Hg, (iv) Pb, [Ans. : (iii)] 
(g) Which of the following is insoluble in water 
(i) ZnSO,, (i) HgCl, (ii) HgoClo, (iv) Hgo(NOs)». [Ans. : (iii)] 


(h) „Оп treatment with NH; solution corrosive sublimate form a 
(i) black ppt, (ii) white ppt, (iii) orange ppt, (iv) red ppt. [Ans. : (ii)] 
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11. Write the formula of : 
(a) Calomel, (Ы) Nessler’s reagent, c) Corrosive sublimate, (д) Vermilion, (е) Cinnabar, 
(f) Millions base, (g) Infusible white precipitate, (h) Fusible white precitipate. 
12. A metal chloride ( X) shows the following reactions— 
(a) When HS gas is passed into an acidified solution of (XJ, a black precipitate is obtained. 
(b) The black precipitate is not soluble in yellowammonium sulphide. 
(c) When solution of SnCl; is added to an aqueous solution of (X), a white precipitate is obtained which 
turns grey on addition of more SnCl; solution. 
(d) When aqueous solution of Klis added to an aqueous solution of (X), a red precipitate is obtained which 
dissolves on addition of excess of Kl. 
Identify (X) and write down the equation for the reactions. [Roorkee : ’91] [Ans. : HgCl;]] 


IRON AND ITS COMPOUNDS 


e Iron e 
Symbol : Fe. Atomic No. : = 26. Atomic weight : = 55.85. 
Electronic Configuration : 1s? 252 2p5 3s? 3р5 34% 4s? Oxidation No. : +2, +3 and +6 


lonic radii :Fe? = 0.75 А and Ре* =0.60 Å т.р.:= 1535°С Б.р. : = 2730°C. 


With the advancement of civilisation, iron occupied the place of copper and bronze and iron 
age began. The ancient Indians were also experts in extracting iron from its ores. They knew 
the process of preservation of iron. The rustless iron of Asoka’s Pillar in Delhi and the steel 
beams of the temple of Bhubaneswar prove the skill of ancient Indians in the field of metallurgy 
of iron. 

9.1. The position of iron in the periodic table and the transition elements. 

Iron belongs to Group VIII in the periodic table. Group VIII consists of three triads of 
transition elements. (i) First triad : Iron (Fe), Cobalt (Co) and Nickel (Ni). (ii) Second. 
triad : Ruthenium (Ru), Rhodium (Rh) and Palladium (Pd). 
(iii) Third triad : Osmonium (Os), Irridium (Ir) and Platinum (Pt). 

All these metals exhibit the characteristics of transition metals. 

Transition elements or ‘d’ block elements : Elements of 
groups IB, ШВ, IVB,VB, VIB, VIIB and VIII of the periodic table 
are collectively known as transition elements. 

This is because of the fact that the properties of these elements are in the midway between 
those of ‘s’ block and 'p' block elements. The general electronic configuration of these 
elements may be represented as (n — 1) d^" ns ?^'!, Thus the definition of transitional elements 
may be expressed as—The elements, which in their atomic state or in any of their stable 
oxidation state contain 1—9 electrons in the d orbital of the penultimate shell i.e., contain 
1—9 electrons in their (n — I) d orbital, are called transition elements. 

On the basis of the partly filled *d' orbital, the transition elements are classified into four 
series : ` 

(i) 3d series of 9 elements, beginning from 2,Sc and ending at Си. 

(ii) 4d series of 9 elements beginning from xY and ending at 47Ag. 

(iii) Sd series of 9 elements beginning from s;La and 5; Hf to Аи. 

(iv) 6d series— at present this series contains only three elements— Ас, „Капа 10s Ha. 

[Some scientists have included s5Zn, Cd and soHg of Group IIB as transition elements. These elements exhibit 
some of the properties of transition elements, but inspite of that, according to the true sense of the definition of 
transition elements, these elements should not be classed as transition elements. As for example, in the electronic 
configuration of both zinc and copper there are d'? electrons, but copper is an ideal transition element while Zn 
snak Cu = 15? 25? 2p* 3s? 3p* 3210451 

Zn = 1s? 2s? 2p* 3s? 3p* 3d'? 452 

Both the Cu and Zn have stable oxidation state of +2. During this oxidation state the electronic configurations 

of these two elements are Cur = 15? 282 2p* 3s? 3p* 3d? 
Zn* = 12 2s? 2p$ 3s? 3p5 34° 

ie., in Си the 3d orbital remains incomplete whereas in Zn** the 3d orbital is completely filled. 
Consequently Cu isa transition element but Zn is not. Similarly it can be shown that Cd and Hg of Group IIB should 
not be included in the transition element series.] 
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€ General characteristics of transition elements : 

(1) Metallic character : All the transition elements are metals, since the numberof electrons 
in the outermost shell is 1 or 2. They are hard, brittle, malleable and ductile. The hardness of 
these metals are due to the presence of covalent bond along with the metallic bond. The presence 
of incomplete d orbitals, favours the covalent bonding. Since the transition metals are good 
conductor of heat and electricity which goes to prove that metallic bonds are also present in the 
transition metals. 

(2) Volumes of atoms and densities : The volumes of transition metal atoms are much lower 
than those of s-block elements. This is because of the fact that, as the inner orbitals of these 
atoms get filled, the nuclear charge increases which pulls the electron cloud inward causing the 
decrease of volumes of atoms. The decrease of volumes of atoms increases the density. 
Consequently the densities of transition metals are much higher than those of Gr IA and ПА 
metals. 

(3) Melting and boiling points : These metals have high melting and boiling points. 

(4) Ionisation potential : As the size of the atoms of transition metals are small, their 
ionisation potentials are fairly high—the values lie between those of ‘s’-block and ‘p’-block 
elements. As a result, the transition metals are less electro-positive than (ће ‘s’-block elements 
but more electro-positive than p-block elements. Consequently the transition metals do not 
form ionic compounds so readily as s-block elements. Generally the transition metals in their 
lower valency state exhibit ionic character and in their higher valency state they exhibit 
covalent character. 


(5) The transition elements have incomplete d-orbitals though their higher s-orbitals are 
complete. Due to the incomplete penultimate d-orbitals the transition metals exhibit several 
characteristic properties. 
(a) Variable valency and oxidation states : The transition metals exhibit variable valency. 
This is because of the fact that, when their atom loses the valency electrons of s orbital, the core 
left behind becomes unstable and tends to lose one or more electrons from the d orbital. 
In the +2 oxidation state, the 2s electrons of the outermost shell are involved in the formation 
of bonds, but in their higher oxidation states, some of the d-electrons of the penultimate shells 
also take part in the formation of bonds along with the two s-electrons. 
For example in case of iron, its two valencies can be represented as— 
Fe 26 = 152 2s?2p° 3s? 3p* 34% 452 
Fe*+ 24 = 1s? 2s? 2p°3s?3p%2d® (соге) 

As the core becomes unstable, it loses one more electron to give Fe?* ion. 
Fe?*.23'= Is? 25? 2p 3s3 3p5 345 

In some transition metals all the d-electrons do not take part in the formation of bonds. As 

for example, Fe has six 3d electrons and two 4s electrons. Consequently, its highest oxidation 

3d state would have been +8, but actually its highest oxidation state is +6. 

This is because of the fact that only the unpaired electrons of 3d orbital 

take part during the formation of bonds. In Fe atom there are 4 unpaired 

and 2 paired electrons in the 3d orbital. Hence the 4 unpaired electrons take part with two 4s 

electrons to give + 6 аз the highest oxidation state of Fe e.g., potassium ferrate (K2FeO,) where 
the valency of Fe is 6. 

(b) Colour : The transition metals generally form coloured compounds e.g., FeCl, 
(yellow), CuSO, (blue), CoSO, (green) etc. This is because of the presence of unpaired d- 
electrons which are promoted from one energy level to the other in d level by absorbing light 
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from the visible part. The visible colour of the compound is the complementary colour of the 
absorbed light. 

(с) Tendency to form complex ion : The transition elements readily form complexes due 
to the following reasons : 

(i) Due to the small size of the cations, they have high positive charge density which helps 
the cations to accept the lone pairs of electrons from the legands. 

(ii) The cations have vacant (n — 1)d orbitals of approximately the correct energy to accept 
the lone pair of electrons from other groups or legands. 

The complexes are formed by the donation of electrons from ions or molecules e.g., 
СМ, NH; etc. Examples include Ki[Fe(CN),], [Cu(NH3)]]SO.;. 

(d) Catalytic properties : Most of the transition metals, their alloys and compounds are 
used as catalysts, of which Fe, Ni, Pt, Pd, V30; etc., are commonly used. This is due to the 
presence of unpaired electrons in d-orbitals which form theunstable intermediate compounds 
with the reactants to activate them. Some of the transition elements have large surface area for 
the adsorption of the reactants to get activated. 

(e) Paramagnetism : Due to the presence of unpaired electron (х) in the (n7 )d orbital, most 
of the transition metals exhibit paramagnetism i.e., they are attracted by magnet. Para- 
magnetism increases with the increase in number’ of the unpaired electrons. Fe and Co are 
ferromagnetic and so they can be magnetised. 

(f) Formation of interstitial compounds : Non metallic atoms of relatively small size e.g., 
(H, B, C, N etc.) are able to get into the interstitial space of the transition metal lattices to form 
aclass of compounds which are called interstitial compounds e.g., hydrides with hydrogen and. 
carbides with carbon. Due to the variable compositions of such compounds, they can not be 
expressed by single formula. ў 

(g) Resistant to corrosion : Most transitional elements (with the exception of Fe) are 
good resistant to corrosion. Their low reactivity is due to the high heats of sublimation, high 
ionisation potentials and low heats of hydration of their ions, The inert characterof the transition 
metals generally increases with the increase in atomic number. 


9.2. Occurrence of iron in nature. 

Iron being a reactive metal, rarely occurs in the free state. Iron occurs in nature as oxides, 
carbonates and sulphides. 

1. As Oxides : (a) Magnetite (ЕезО;), (b) Red Haematite (Fé е›О;), (c) Brown Haematite 
or Limonite (FeO; 3H20). х 

2. As Carbonate : Siderite or Spathic iron ore (FeCO;). 

3. As Sulphide : Iron pyrites (FeS;), Copper Pyrites (CuFeS;). 

[Iron pyrites is found relatively in higher quantity in nature. Inspite of that itis not used in the extraction of iron 
because of the fact that, this mineral contains high amount of sulphur, As a result the iron extracted from this ore 
becomes contaminated with sulphur which makes the iron brittle. Consequently this ore is used as a source of 
sulphur for the manufacture of HO. by contact process.] 

Huge deposits of high grade iron ores are found in Singhbhum, in Bihar. It is also widely 
distributed in Karnatak, Orissa, Madhya Pradesh and Maharastra. 

€ Varieties of iron: 

The following three varieties of iron are manufactured which differ in their carbon content. 

(i) Wrought iron or malleable iron : It is the purest form of commercially produced 
iron and contains the minimum percentage of carbon viz.,0°1%— 0'1 5% and some impurities 
(S. P. Si and Mn) less than 0°3%. 
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(ii) Steel : It is the most important commercially manufactured iron which finds wide 
applications. It contains 0' 1596 — 17596 of carbon and traces of other impurities. 

(iii) Castiron or pig iron : It is impure form of commercial iron and contains 2:596 —4 5% 
of carbon along with other impurities like sulphur, phosphorus, manganese and silicon. 

The average composition of cast iron is— 

Carbon (partly as graphite and partly as carbide Fe3C) — (2:5 — 4`5)%, Manganese— 
(0*1 — 072)96, Silicon—(0'5 — 3)%, Sulphur— (01 — 0:3)96, Phosphorus—(0'4 — 1)%. 

There are two types of cast iron— 

(a) White cast iron : This type of cast iron contains carbon mostly in the form of iron carbide 
(Fe3C) and small amount of graphite. 

(b) Grey cast iron : This type of cast iron contains carbon mostly in the form of graphíte 
and small amount of iron carbide. 

9.3. Extraction of cast iron. 

The extraction of cast iron from the oxide ores (magnetite, red haematite and brown 
haematite) and carbonate ore (spathic iron ore) involves the following steps : 

1. Dressing of the ores : The iron ores are first broken into small pieces 3 — 5 cm in size 
and screened. Most of the gangues are removed by this process. Most of the ores are rich in iron 
and consequently do not require to be concentrated. In few cases the crushed ore is washed with 
water to remove the silicious impurities and then concentrated by electro-magnetic process. 

2. Roasting or calcination : The washed ores viz. magnetite (Fe3O4), haematite (Fe3O;) 
and spathic iron ore (FeCO;) are then subjected to roasting. The ores are mixed witha little coke 
and then roasted in shallow kilns in presence of excess of air which causes the following 

` changes: 

(i) Impurities like sulphur, arsenic and phosphorus are oxidised by aerial O, and are 
removed as their volatile oxides. 

S*0;-S0;f; 4As + ЗО; = 2As,0; 1 
(ii) Carbonate ore (siderite) is converted to form ferrous oxide and CO; is given off. 
FeCO; = FeO + CO; T 
(iii) Hydrated brown haematite is converted to ferric oxide with the removal of water. 
Fe;O;, 3H20 = Fe;O; + 3H;0 t 
(iv) Magnetite is decomposed to ferrous oxide and ferric oxide. 
Fe30; = FeO + Fe;O;. 
(v) Ferrous oxide thus formed during the reactions is oxidised by the aerial О, to form ferric 


ord 4FeO + О, = 2Fe;0; 

Ferrous oxide reacts with silica of the оге at high temperature to form ferrous silicate (FeSiO, ) 
(Slag), but the conversion of FeO into FeO, prevents the. formation of slag and thus prevents the 
loss of iron during smelting, as the produced FeO, does not react with silica to form slag. 

FeO + SiO; = FeSiO; 

(vi) Due to the escape of gases and moisture, the entire mass becomes porous causing the 
increase in the effective surface area of the roasted ore. This ‘facilitates the reduction of Fe30; 
to spongy iron in the blast furnace. The roasted ore contains Ее,Оз and SiO». 

`3. Smelting in the blast furnace— carbon reduction : 

(a) The roasted ore is mixed with coke (used as reducing agent) and /ime stone (used as 
flux) in the ratio 8 : 4 : 1 by weight. This mixture is called charge. The chargejs fed into the 
blast furnace and smelted at high temperature where the ferric oxide is reduced by carbon 
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monoxide and fine particles of carbon to form metallic iron. The silicious impurities present 
in the ore combine with lime to form fusible slag which does not mix with the produced iron 
and thus easily removed. 


(b) Description of the blast furnace : 

(i) The blast furnace used in the extraction of cast iron is a tall cylindrical furnace. This 
furnace has a shaft made of steel plate. Yt is lined inside with high refractory fire clay bricks. 
It is about 25 — 30 metre high. The furnace is kept vertically by means of iron pillars which 
are fixed to the ground. The diameter of the furnace varies from place to place. The diameter 
of the upper part is 4 — 4'6 metre. The upper part of the furnace is called body of the furnace. 


(ii) Bosh and tuyers : The diameter of the 
furnace gradually increases from the top down Charge 
wards till it reaches maximum to 74 metre. This 
widest part of the furnace is called bosh. Between 
178 —2°5 metre from the base of the furnace there 
are series of holes through which water cooled 
iron pipes are inserted. These are called tuyers, Steel plat 
through which a blast of hot and dry air is blown 
into the furnace. | 

(iii) Hearth : Below the bosh the furnace 
narrows down rapidly. This narrower part of 
the furnace below the bosh is called hearth. The 
diameter of the hearth is 3 — 3`6 metre. The hearth 
acts as a large crucible to hold the molten cast iron 
and the slag. It is provided with two outlet tubes— 
the upper one (slag notch) is meant for removal 
of molten slag and the lower one (tapping hole 
or metal hole) is meant for tapping out of molten 
cast iron. 

(iv) Double cup and cone arrangement : At 
the top of the furnace there is a hopper which is Fig. 9.1 : Blast furnace 
closed by a funnel-shape double cup and cone arrangement which is counterpoised by suitable 
weights. Through this arrangement the charge is introduced into the furnace from time to time. 
This arrangement prevents the exit of hot gases during the charging of the furnace. The charge 
is added into the cup and when the cup is full with the charge, the cone moves downwards. As 
a result the charge goes down into the furnace and the cup is closed automatically as soon as 
it is freed from the charge. 

(у) There is an outlet near the top of the furnace from which the hot gases (furnace gas) of 
the furnace pass out. The exit gas contains mainly N, and CO, along with CO», Н; methane etc, 
This hot gaseous mixture is made to pass through a dust chamber where it becomes free from 
dust and then it is washed. The gas is then led into a pair of stoves called cowper stoves, where 
it is preheated and enters the furnace through the tuyers at about 700°C. 


(с) Procedure : The charge i.e., the mixture of the roasted ore (Fe;O3), lime stone(CaCO;) 
and coke is carried to the top of the furnace and is fed into it by means of cup and cone 
arrangement. When 4/5th of the furnace is filled up with the charge, a quantity of wood is burnt 
and a blast of hot and dry air at temperature of 700°C is forced into the furnace through the 
tuyers. The coke burns with the production of much heat and carbon-monoxide. 

The temperature of the furnace increases from its mouth to the hearth. n the upper region 
the range of temperature is 400°C-900°C. Near the bosh the temperature varies from 1200°С— 
1300°C and at the hearth the temperature is 1500°C. 


Hot gases’ 


2 ج‎ 
a 7 Molten slag 
Molten cast iron 
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(d) Chemical reactions taking place in the blast furnace. 


The following reactions take place in the blast furnace during the smelting of the roasted 
re. 


Roasted ore 
and limestone 


cast iron slag 


Fig. 9.2 : Extraction of cast iron 

(i) Formation of carbon monoxide (at 1200°C) : ' 

The charge descend in the blast furnace and when it comes in the lower region near the 
uyers, the coke present in the charge is oxidised by the hot blast of air to produce carbon 
nonoxide and CO; with the liberation of much heat. The produced CO; ascends upward and 
s reduced by the hot coke present in the charge to form CO. 

С+0,= СО,; CO, + C = 2С0. 
(ii) Partial reduction of Fe;0; by CO to form spongy iron : 
Above the bosh, at 600*C-900*C, the ferric oxide of the charge at red hot condition is 


artially reduced by carbon monoxide to produce spongy iron. As the reaction is reversible, the 
eduction of Fe;O; is not completed at this stage. 


Fe,0; + ЗСО => 2Fe + ЗСО, Т 
(iii) Completion of the reduction of FeO, and the formation of slag : 
- At 900°C, the lime stone is decomposed to produce carbon di oxide and lime. The produced 
ТО; is reduced by coke to form carbon monoxide. 
CaCO; = СаО + СО, 1 ; CO; + C = 2CO. 
Near the bosh, between 1000°C — 1300°C, the produced carbon monoxide is decomposed 
э give fine particles of carbon, which completes the reduction of the rest of FeO. 
2CO =C + CO); FeO; + ЗС = 2Fe + ЗСО. 
The Саб, thus produced combines with most of the silicious impurities to form calcium 
Ica Gaio СаО + SiO; = CaSiO; (slog) 
Any ferrous sulphide if present in the ore, reacts with the lime to form CaS (slag). 
(iv) Reduction of more stable oxides present in the ore, to free elements : 
Near the hearth at 1500°С, manganese di oxide which is present in the ore as pyrolusite is 
duced to metallic Mn by carbon. 
Calcium phosphate present in the lime stone reacts with silica to form P,O; which is reduced 
y carbon to form phosphorus and CO. 
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Some of the silica is reduced by carbon at this high temperature to produce silicon. 
MnO, + 2C. = Мп + 2СО 
SiO; + 2€ =Si + 2CO 
Ca;(PO,) + 3510, = 3CaSiO; + РО; 
2Р,05,. + 10C = Р, + 10CO 

The Mn, Si, and P thus produced are adsorbed by the molten iron. The iron also adsorbs some 
quantity of carbon and sulphur from the fuel. 

(e) Collection of cast iron : The molten iron and slag slide down the furnace and collect 
at the bottom of the furnace in two layers. The molten slag being lighter than molten iron, forms 
the upper layer and thus protects the molten iron from oxidation. The molten iron and fusible 
slag are taken out from two separate holes. The molten iron is run into moulds and allowed to 
solidify. It is known as cast iron or pig iron. 

ө Some important informations in connection with the extraction of 
cast iron : 

(1) The names of the raw materials used in the extraction of cast iron : 

The raw materials used in the extraction of cast iron-(a) Magnetite (Fe3O4), Haematite 
(Fe;O3), Brown haematite (Fe;Os, 3H20), Spathic iron ore (FeCO;), (b) Coke, (c) Lime stone 
(CaCQs), (d) Air. 


(2) The role of each raw material in the extraction of cast iron : 

(a) The role of the iron ores : (i) During roasting, the ores are mixed with a little coke and 
the mixture is heated in presence of excess air in a shallow kiln, where magnetite is decomposed 
to give FeO and ҒеО». Brown haematite is converted to FeO; with the removal of HO. Spathic 
iron ore is decomposed to give FeO and СО). The lower oxide FeO thus formed is oxidised by 
aerial О, to form Fe;O;. The free S and As are removed as their volatile oxides. Thus FeO; is 
obtained as roasted ore. 

(ii) During smelting, the roasted ore Fe;O; is reduced by coke and CO to produce metallic 
iron. 

(b) Role of coke : (i) To produce heat during the roasting of the ores and (ii) to produce CO 
and fine particles of carbon which completely reduce FeO; to metallic Fe. 

(c) Role of lime stone : During smelting, at 900°C the lime stone is decomposed to give СаО 
and СО. At high temperature the produced CaO combines with the silica present in the iron 
ore to produce calcium silicate (slag) and is separated from the molten iron. 

(d) Role of air : (1) During roasting of the ores, air oxidises free S, As etc., present in the 
ores to form their volatile oxides which are removed easily. 

(ii) Air also oxidises the lower oxide FeO to form higher oxide Fe;O; and thus prevents the 
loss of iron during smelting. 

(iii) During smelting air helps the combustion of coke to produce CO; which reacts with 
the heated coke to produce CO and heat. 

C +0, = СО, СО, + С = 2CO + heat 

The produced CO reduces FeO; to metallic iron. 

(3) Chemical reactions that occur in the blast furnace during the extraction of iron. 

(a) At the region where the temperature is between 600°C — 900°C : The FeO; of the 


roasted ore is partially reduced by CO to produce spongy iron. 
FeO; + ЗСО <= 2Fe + 3CO;1 


194 ELEMENTS OF CHEMISTRY 


(b) At 900°C, lime stone decomposes to CaO and СО». The produced СО» is reduced by 

coke present in the charge. 
CaCO; = СаО + CO;1; СО, +C =2CO 

(c) At bosh (1000°C — 1300°C), CO is decomposed to give fine particles of carbon which 

completes the reduction of Fe;O;. 
2CO =C + CO;; Fe,0;+ ЗС = 2Fe + 3CO T 

Lime combines with the silica of the ore to produce calcium silicate (slag) and thus gets 

separated from the molten iron. 
CaO + SiO; = CaSiO; (slag) 

(d) Near the hearth at 1500? C, MnO, and SiO; present in the ore are reduced by coke to 
give Mn and Si respectively. 

MnO, + 2C = Mn + 2CO T SiO, + 2С = Si = 2CO Т 

Ca;(PO,), present in the lime stone, reacts with silica to produce CaSiO; and P05. This РО; 
is reduced by coke yielding phosphorus. 

Cax(PO4); + 3510, = 3CaSiO; + РО; 
2Р0; + 10C = P, + 10CO 

The produced Mn, Si, P are adsorbed by iron. Some quantity of carbon and sulphur from 
the fuel are also absorbed by iron to form cast iron. 

(4) By-products obtained in the extraction of cast iron, The important by-products 
obtained in the extraction of the cast iron are— (1) S/ag and (2) Blast furnace gas. 

(a) Slag : The fusible slag produced during the extraction of iron consists of calcium silicate 
and aluminium silicate. Yt is used (i) as ballast for rail roads, (ii) for making cement. 

For preparing cement, it is burnt with lime and the product is ground to fine powder, 
(iii) mixed with tar it is used for making roads, (iv) it is also used as a manure. 

(b) Blast furnace gas : The mixture of the hot waste gases leaving the blast furnace 
contains. approximately 58% №, 25% CO, 10.5% CO; and 6.5% H», hydrocarbon, CN; etc. 
As this gas mixture contains a large amount of CO, it is used to pre heat the air blast to be 
introduced into the furnace. Thus it saves the consumption of fuel to a great extent, 


ө Different steps in the extraction of cast iron : 


@ 


Roasting : : 
i Coke is mixed 
Broken to pieces, with the ores | НО CO; As S 
screened and washed «| and ће mix- 


with water to remove ~ | ture is heated 


silicious materials in а shallow 
iln їп excess 


of air 


Roasted ore 
becomes 
porous 
which 
contains 
FeO» and 


Iron ores : 
(i) Magnetite (FejO;) 
(ii) Haematite (ҒеО) 
(iii) Brown Haematite 
(ҒеО, ЗНО) 

(iv) Siderite (РеСОз) 


Smelting of 
the charge 
in the blast 


Slag Smelting of the 


roasted оге: 


furnace 
дк "бл 
2 eO; is reduced 
of the blast | by coke and CO. CHARGE 
furnace ^ Slag is formed by FO: Cole Пее sione 
Сой the action of lime 8 82 а 


iron on silica 
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ө Flow Sheet for the extraction of cast iron : 


(2) SMELTING 
Reactions : 
Fe,Q, + ЗСО = 2Fe + 3CO; T IN 


2СО = CO,+C 
Fe;O, + ЗС = Fe + ЗСО T 
CaCO; + SiO; = CaSiO; + CO; 


Brown Haematite 
(FeO, 3H0) 
Siderite (FeCO;) 


CHARGE 
FeO; : Соке: lime stone 
Oe ADS 1 


Air—. 


(1) ROASTING у == 


Reactions : 
Fe,Q,, 3H,O— Fe;O; + ЗНО T 


FeCO; — FeO + CO; T Roasted ore 
AFeO + О, > 2FeOs [Fe:0, + 501 


Fig. 9.3: 

9.4. Wrought iron. 

It is the purest form of commercial iron which contains the minimum percentage óf carbon 
(0`10% — 071596) and some impurities like S, P, Mn, Si less than 03%. 

Manufacture of wrought iron by puddling process : 

Wrought iron is produced in aspecial type of reverberatory furnace called puddling furnace. 
It has low and bent roof with a view to direct the hot gases and flames to the cast iron kept on 
the hearth of the furnace. The hearth is lined with haematite. 

(a) Procedure : Cast iron obtained from blast furnace is piled on the hearth and is melted 
by hot blast of air. The molten massis then stirred with long iron rods called rabbles. As a result, 


the molten cast iron comes in intima! the furnace. In addition 


te contact with haematite lining of 
to the aerial oxygen, the haematite lining supplies oxygen for the oxidation of the impurities 
present in cast iron. 


(b) Chemical reactions : Thus the impurities present in the cast iron e.g., C, S, Mn, P 
and Si are oxidised to form their respective oxides. The oxides of carbon and sulphur being 
volatile pass out while the oxides of Mn, P and Si form slags with the materials of the furnace 


lining and are removed. 
5+0,= 80,7; 35 + 2Fe,0; = 4Fe + 380; T 
351 + 2Fe,0; = 4Fe + 3510; 
3Mn + FeO; = 2Fe + 3MnO 
MnO + SiO; = MnSiO; (slag) 
3C + Fe;0; = 2Fe + ЗСО T 
АР + 50; = 2P20s; FeO; + РО; = 2FePO, (slag) 


As the impurities are removed from iron, the melting point of the metal rises and it becomes 
asemi solid mass. At this stage, itis taken out from the furnace in the form of balls with the help 
of the rabbles. The balls are then beaten under hammers to separate out the slag. The product 


thus formed is called wrought iron. 


196 ELEMENTS OF CHEMISTRY 


9.5. Manufacture of steel from cast iron. 

Steel is an alloy of iron containing 0°15 — 15% of carbon as Fe;C and traces of S. P. Mn 
and silicon. Cast iron contains 2 — 45% of carbon, consequently steel can be prepared either 
by removing carbon along with the other impurities. from the cast iron or by adding requisite 
amount of carbon to the wrought iron. In addition to carbon, other metals like manganese, 
chromium, nickel, tungsten and other metals are often added to steel for giving it of desired 
properties. 

(1) Production of steel from cast iron by Bessemer process : 

This process was discovered by Sir Henry Bessemer of England in 1855. 

[A] Principle : In this process, (i) the hot air blast is passed through the molten cast iron 
and as a result the impurities present in the cast iron (C, S, P, Mn and Si) are oxidised by aerial 
oxygen. Carbon and sulphur are removed as their volatile oxides and manganese, silicon and 
phosphorus are oxidised to form their respective oxides, which are removed by the formation 
of slag. (ii) After the removal of impurities nearly pure iron is produced which is converted to 
steel of desired quality by adding requisite amount of carbon. 

[B] Description of the Bessemer converter : The Bessemer converter is a large pear- 
shaped vesset'made of steel plates. It is provided with a number of holes at its bottom through 
which hot blast of air at high pressure is admitted. The converter is mounted on horizontal arms 
called trunions in sucha way so that it can be tilted in any desired position. Itis lined inside with 

. silica bricks (acidic) or calcined dolomite, MgO (basic), depending upon the nature of 
‘impurities present in the cast iron. (i) In case of the cast iron which contains basic impurities 
é.g., manganese but does not contain phosphorus, a lining of silica brick is used and the 
process is called acid bessemer process. (ii) When the cast iron contains acidic impurities 
e.g., silicon, phosphorus, sulphur, a lining of ‘calcined dolomite, magnesia are used and the 
process is then called basic bessemer process. i 

[C] Procedure : 

(1) Acid Bessemer process : 

This process is applied for the treatment of cast iron which is free from phosphorus. In this 
process, the converter is given an inner lining of silica bricks. 

The converter is kept in the horizonal position and molten cast iron is fed into it. The 

* converter is then brought back to the vertical position and air blast under high pressure is 
continued. The hot air passes up through the molten cast iron and oxidises the impurities present 

in it. 

Manganese and silicon are first oxidised to give manganous oxide and silica respectively. 
These oxides combine together to form manganous silicate (slag). 

2Mn + О = 2MnO; Si + O» = SiO»; MnO + SiO; = MnSiO, (slag) 
Sulphur is oxidised to sulphur di-oxide which passes out as volatile gas. 


S+02= SO, 
Hot dir oxidises some iron to form ferric oxide but the C present in cast iron reduces it to 
metallic Fe. 
4Fe + 30; = 2Fe,0; ; FeO; + 3С = 2Fe + ЗСО 


Lastly carbon present in cast iron is oxidised to carbon monoxide which burns producing 

a blue flame at the mouth of the converter. When the blue flame drops out it indicates the 

complete oxidation of the impurities. It takes 6—8 minutes forthe complete oxidation ofcarbon. 
2C +О0„=2СОТ 


As all these reactions are exothermic, the mass in fhe converter remains in molten state. 
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At this stage the converter is brought to the horizontal position and calculated amount of 
spiegeleisen (an alloy of iron, manganese and carbon) is added to the molten mass in order to 
have the correct amount of carbon to the iron to get the desired quality of steel. The converter 
is brought back to its vertical position and the air blast is continued for two minutes to ensure 
the thorough mixing of the spiegeleisen. 

[D] The function of spiegeleisen : 

(i) Carbon and mangenese of the spiegel act as deoxidisers to remove any dissolved О; and 
reduce any ferrous oxide which may be formed during the reactions. 

FeO + Mn = MnO + Fe; FeO +C = Fe +CO 

(ii) The excess of these elements dissolve in the molten iron and thus supplies the requisite 
amount of carbon to iron to produce steel of desired quality. 

(iii) Manganese serves to make the steel harder and to increase its tensile strength. 

[E] Collection : The converter is then tilted and molten steel is poured into ladles. The slag 
floats on the surface of the molten steel which is separated. Then the molten steel is run into 
moulds. 

In order to remove the entrapped gas bubbles (Oz, №, CO: etc.), little aluminium or ferro 
silicon is added to the molten finished product. 

(II) Basic bessemer process : 

This process was first introduced by Thomas and Gilchrist for the manufacture of steel 
from the cast iron which contained phosphorus as impurity. In this process the converter is lined 
inside with basic material like magnesia (MgO) or lime ( CaO). 

The converter is charged with molten cast iron and some lime is added to it and hot blast 
of air under pressure is continued. 

As a result, (i) manganese and silicon of cast iron are first oxidised. The produced 
manganous oxide and silica combine together to form manganous silicate (slag). 

(ii) Sulphur is oxidised to form sulphur di-oxide which passes out being volatile. 

(iii) Carbon and phosphorus are then oxidised to form carbon monoxide and phosphorus 
pentoxide respectively. Carbon monoxide burns at the mouth of the converter producing a blue 
flame. After sometime the blue flame of CO subsides which indicates the complete removal of 
carbon. After the blue flame drops out, the air blast is continued for sometime in order to 
complete the oxidation of phosphorus to Р,05. 

(iv) The РО; thus formed combines with lime to form a basic slag [Ca3(PO,)2, CaO} which 
is known as Thomas slage. As all the above mentioned reactions are exothermic, the mass in 
the converter remains in molten state. 

2Mn + О; - 2MnO, Si + О; = SiO», MnO + SiO; = MnSiO; (slag) 
S + O» =SO,T, 2С + O» = 2COT АР + 50; = 2Р0; 
4CaO + P0; = [Cas(PO;)», CaO] (Thomas slag). 

After the completion of the reactions the air blast is stopped and the converter is tilted and 
the basic slag is removed. 

The converter is then brought to vertical position and calculated amount of spiegeleisen is 
added to the molten iron when it is converted to steel. 


[Recently, in the Bessemer process, a mixture of oxygen and СО; is used as oxidant instead of air, This is 
because of the fact that during the passage of air through the molten cast iron, No gas remains inside the structure 
of the produced steel which makes it brittle. In order to prevent this, mixture of CO; and O; is used, СО» is mixed 
with Oz which acts a diluent and decreases the reuctivity of oxygen.] 


CH-1134 
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9.6. Simens-Martin open hearth process. 

[A] Principle : Open hearth process is the modern process for the manufacture of the high 
grade steel. This process is based upon the following principles— 

(i) The impurities present in the cast iron are mainly oxidised by the addition of haematite 
ores and the rest are oxidised by oxygen of air. 

(ii) The percentage of carbon and silicon is lowered down by the addition of scrap iron. 

(iii) Heat generated by burning the mixture of producer gas and air, is used to pre-heat the 
fuel gas and air. This regenerative system of heat causes an economy in fuel consumption and 
maintains high temperature (1800°C) in the furnace. 

[B] Description of the furnace : The open hearth furnace is a reverberatory type which 


is made of high refractory fire clay bricks covered by steel plates. The hearth of the furnace is 
large but shallow. The 


Molten cast Fe -- Haematite hearth is generally lined 
+ Scrap iron Producer gas inside with lime and 
Chequer and air burnt magnesia (basic 


works of 
fire bricks 


lining). The lining of the 
hearth may also beacidic 
suchas silicate bricks for 
the treatmefft of cast iron 
which is free from 
phosphorus. The furnace 


Production of iç heated by burning a 


Exhaust gas Producer 


gas + air proc mixture of producer gas 
andair. Below the hearth, 
Fig. 9.4 : Open hearth furnace on each side, there are 


two pairs of heat regenerators. The heat regenerators are chequer works of bricks which are 
arranged in such a way so that the heat of the spent gases is utilised to preheat the entering gas 
mixture. The entering gas mixture (producer gas and air) is made to pass through the chequer 
works of one side and the spent gases are passed through the chequer works on other side. The 
directions of the entering gas mixture and the spent gases are reversed in every few minutes, 
so that the entering gas mixture is always preheated. This system maintains a high temperature 
(nearly 1800°C) in the furnace. 


[C] Procedure : Molten cast iron from the blast furnace is directly fed into the hearth. 
Some scrap iron, low grade wrought iron and haematite are added to the molten cast iron. 
Some lime is also added to it wheri phosphorus is present in the cast iron. The charge is heated 
to high temperature by burning the preheated producer gas. 


[D] Reactions taking place in the hearth : The greater portion of the impurities such 
as Mn, Si, P, S, and carbon are oxidised by haematite (ЕезОз) to form their respective oxides. 


Some of the oxides thus produced being volatile pass out. 
2Ее›О; + 3Si = 4Ее + 3SiO;; Ее›О; + 3Mn = 2Fe + 3MnO 
2Fe,0; + 3S = 4Fe + 350,7 
Ее›О; + ЗС = 2Fe + 3COT 
5Fe,0; + 6P = 10Fe + 3P,0; 


Manganous oxide thus formed reacts with SiO; to produce manganous silicate (slag). 
The produced P;O; combines with the added lime forming calcium phosphate (slag). Some 
part of silica combines with lime to form calcium silicate (CaSiO,—slag) РО; and SiO; 
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also react with magnesia of the lining to form magnesium phosphate (slag) and magnesium 


silicate (ав). Мо + SiO, = MnSiO,; . 3CaO +Р;О; = Ca(PO;)z 
СаО + SiO; = CaSiO; ; 3MgO = РО; = Mgx(PO4); 

The rest of carbon and phosphorus are oxidised by air to form carbon monoxide and 
phosphorus pentoxide. 
2C + O: = 2CO; АР + 50, = 2Р0; 

After the elimination of the impurities, the molten mass in the hearth is poured out into 
ladles. The upper layer of slag floating on the molten iron is separated. А requisite amount of 
spiegeleisenis added to the molten mass to obtain desired quality of steel. In this operation also, 
spiegeleisen serves two purposes—deoxidation and recarburisation. While molten, a little 
aluminium or ferrosilicon is added to the produced steel to remove any dissolved gas in it. 

e. Comparison of Bessemer process and open hearth process for ће manufacture of steel : 

(1) Time required for the production of steel : Bessemer process is а quick process. It requires only 
8-15 minutes for completion of the process. The open hearth process is a much slower process and it takes 
about 8-10 hours for completion of the process. 

(2) The yield of steel : In the Bessemer process the yield of steel is less than that of the cast iron used. The 
yield of steel produced by the open hearth process is much greater than that of the Bessemer process, because 
in this process in addition to cast iron, scrap iron, low grade wrought iron and haematite are used which are 
also directly converted to steel. 

(3) Use of fuel and expenses for production : Bessemer process is much less expensive, because it does 
not require any fuel. As gaseous fuels are used to heat the furnace, which makes the open hearth process a 
little expensive. 

(4) The quality of steel: The Bessemer process is too rapid to permit any analytical control on the composition 
of the produced steel. Moreover, the acidic impurities are not completely removed by this process. As a result, the 
steel obtained by this process is not up to the mark. 

The open hearth process being a slower process, there is enough time to analyse the product from time to time 
and thus the composition of the product can be controlled accurately. This is because of the fact that the operation 
can be stopped when the desired composition of steel is сопе As а result, high quality of steel. ot desired 
composition is obtained by this process. 

(5) Removal of phosphorus : Complete removal of phosphorus from the cast iron is not possible by the 
Bessemer process. As а result, cast iron having high phosphorus contents can not be used in this process. All the 
impurities of cast iron are completely removed by open hearth process. Consequently, low grade cast iron having 
high content of phosphorus can be used in the open hearth process. 

(6) Loss of iron as slag : As blast of air is passed in the Bessemer process, the loss of iron as slag is relatively 
high. But in the open hearth process the loss of iron as slag, is much less, since no blast of air is passed in this 
process. 

(7) Control of temperature : The temperature of the bessemer converter can not be controlled, but the 
temperature of the open hearth can be easily controlled as the heat is supplied from the external source. 

e Duplex process of manufacturing steel : 

This process is actually a combination of acid bessemer process and open hearth process. \п this process, 
molten cast iron is fed into а bessemer converter having a lining of silica and air blast is turned on. As а result 
silicon, manganese, sulphur and a part of carbon are oxidised and are removed either as slag or volatile oxides. 

The molten moss is then transferred to open hearth with a basic lining. Here phosphorus and rest of carbon 
are removed completely and steel is obtained as usual by the addition of spiegeleisen. 

This process is applied in Tata Iron and Steel Company for the manufacture of steel. 

e Hardening or quenching, anealing, tempering, case hardening and nitriding process of steel. 

А characteristic property of steel is that, its hardness and elastic property can be changed by its proper heat 
treatment. 

(1) Anealing : When hard steel is heated to bright redness and then allowed to cool very slowly, the hard 
steel is changed fo soft one. This process is called anealing. 

(2) Hardening : When soft steel is heated to bright redness and then suddenly cooled by immersing it into 
water or oil, it becomes hard and brittle. This process is called quenching or hardening of steel. 
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(3) Tempering : When hard and brittle steel is heated to a certain range of temperature (200°C—300°C) 
and then allowed to cool slowly, its brittleness disappears. This process is called tempering and is employed to 
bring the steel in a suitable state of hardness and elasticity. 

(4) Case-hardening : This is a process of hardening the surface of wrought Iron or mild steel by the absorption 
of carbon on the surface. The most common method is fo carburise the surface layer by heating the wrought iron 
in a hydrocarbon or by dipping the red hot wrought Iron into molten sodium cyanide or by heating it in contact 
with Ky[Fe(CN).]. As a result the surface of wrought Iron becomes steel. The process is used for making armour 
plates, certain tools and parts of machinery which are subjected to wear and tear constantly. 

(5) Nitriding : It is a process of heating mild steel containing 1 percent aluminium in an atmosphere of NH; 
at 550 to 600°C. Both iron and aluminium reacts with nitrogen formed by the dissociation of NH; to form nitrides 
which produce a compact and hard surface. Sometime pure Nz gas is diffused on the surface layer. Such steels 
are used for cylinder bores. 


€ Varieties of steel : 

The properties of steel chiefly depend in its carbon content. There are various types of steel 
depending on the amount of carbon present in it. 

The different physical properties of steel e.g., hardness, elasticity, malleability, ductility, 
of steel depend on its carbon content. With the increase of carbon content its hardness increases 
but its ductility decreases. 


Medium steel 
Carbon (03 - 0°6)% 
High carbon steel Tool steel 
Carbon (0°6 - 0°8)% Carbon (08 ~ 1°4)% 
Mild steel 


Carbon (0°15 - 0°3)% 


9.7. Alloy steel. 


Alloy steels are the different alloys of steel with Ni, Co, Cr, W, Mo, Mn, V etc. Addition 
of small amount these metals impart special properties to steel altering its different properties 
e.g., hardness, tenacity, resistance to corrosion, coefficient of expansion etc. 

Alloy steels are extensively used in different industries, 


Some important alloy steels along with their compositions, properties and uses are listed 
in the following table. 


(1) Nickel steel Very hard, tough, elastic 


For making propeller, shafts, 
and resistant to corrosion 


armour plate, cables, gears etc. 


(2)Chrome steel or} (13-14)% Cr 
Stainless steel 0'7% Ni 
0`3%С 


(3) Manganese steel (9 = 14)% Mn 


Resistant to corrosion or 
rusting . 


For making surgical instruments 
valves, house hold utensils, 
stainless cutlery. 


For making iron safes, Helmets. 
rock crushing machinary, rail 
lines etc. 


For making high speed tools. 


Very hard, tough and 
resistant fo wear. 


(4) Tungsten steel (14 – 18)% W 
(3-8)% Сг 


Hard, retains hardness 
and temper at high 
Temperatures. 
Coefficient of expansion 
is very low. 


(5) Inver (30 - 36)% Ni 


For making pendulum rods, 
0'3% C 


measuring tapes, measuring 
instruments. 
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(6) Chrome-Venadium| (0°15-0°5)%V_ | High tensile strength, can | For making springs, shafts, axles 
steel (1 - 10)% Cr with-stand heavy strains | etc. 
& shocks. 
(7) Alnico 206 Ni, 12% Al, | High magnetic property | For making strong magnets. 
Co 
(8) Silicon steel (1°5-2)% Si, very | Magnetic ; ^ perty For making electrical instruments 
less amount of C and magnets. 
(9) Durairon | 16% 51: Resistant to acids Vessels for keeping НСІ, Н;5О, 
etc. 


€ Comparison of the physical properties of cast iron, steel and wrought iron : 


Properties | Cast iron Stel — ES Wrought iron 
( 


(1) Percentage of carbon | (2- 4596 (0:15- 1°5)% 0'1 - 015% 
(2) Melting point | 1200°С 1300°C = 1400°C 1500°C 
(3) Hardness Hard Hard or soft Soft 


Brittle 


(4) Malleability апа Malleable and brittle Malleable 


brittleness 
(5) Structure Crystalline i Crystalline Fibrous 
(6) Welding property Cannot be welded Can be welded Can be welded 
(7) Tempering Cannot be tempered | Can be tempered Can not be tempered 


(8) Tensile strength 10 ton per square | 20-100tonpersquare | 25 ton per square inch 


inch inch 


(9) Magnetic property 


Cannot be perma- | Can be permanently | Can not be perma- 
пепйу magnetised magnetised nently magnetised 


ө Uses of cast iron, steel and wrough iron : 
Cast iron Steel | Wrought iron 


For casting pipes, lamp post, | Generally used for railway lines, | For making wires, cores of 
manhole cover, railing, Кы locomotives, armour plates, тасһїпагу, | electromagnet, chains, anchors, 
sleepers. knives, razors, tools, surgical | grills etc. 

A large quantity of cast iron is instruments. It is also used for making 
sed tor Ma monvfaciure oF artificial magnets, magnetic needles, 
steel and wrought iron. watch spring, agricultural implements. 


Alloy steel are used widely for various 
purposes. 


9.8. Properties of iron. 

[A] Physical properties : Pure iron is a greyish white metal. Itis malleable and ductile but 
has a high tensile strength. It is highly magnetic but loses this property at above 766°C. Its 
melting point is 1525°C and boiling point is 2450°C. Its specific gravity is 7°85. 

[В] Chemical properties : 

1. Action on air : Either dry or moist air has no action on pure iron. Impure iron on being 
exposed to moist air, becomes covered with a reddish brown layer which is called rust. Rust is 
a hydrated oxide of iron (Fe;Os, 3H20). Rust is formed by the combined action of moisture and 
oxygen on iron. The presence of СО; accelerates the formation of rust. 

Finely divided pure iron burns in air or oxygen with the formation of ferroso ferric oxide. 

3Fe + 20, = Fe3O; 
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2. Action on steam : When steam is passed over red hot iron(800—900°C), iron is oxidised 
to form ferroso ferric oxide with the evolution of hydrogen. 

3Fe + 490 = Ее;О, + 4H; 

3. Action on alkalis : (a) Under normal conditions iron is not attacked by alkalis but it 
produces ferrite salts on treatment with concentrated solution of strong alkalis with the 
evolution of hydrogen. 

2Fe + 2NaOH + 2H,O = 2NaFeO, + ЗН, 7 

(b) During the electrolysis of a solution of caustic soda or caustic potash using iron 
electrodes, the iron anode reacts with the alkalis and is oxidised to form ferrate compounds. 
In ferrates the oxidation state of iron is +6 and valency is 6. The four unpaired electrons of 3d 
orbital and 2 electrons of 4s orbital of iron take part in forming the covalent bonds resulting 


hexavalent iron. 
Anode reaction : Fe + 4H;O = FeO} + 8H" + бе 


Cathode reaction : 6H,O + бе = ЗН, + 60H” 


_ The net reaction of iron with KOH is 


0 +6 
Fe + 2KOH + 2Н;О = KFeO, + ЗН, 
pot. ferrate 
(red) 


4. Action of acids : (a) Iron dissolves in dilute HCl or H,SO, with the formation of the 
corresponding salts and the evolution of hydrogen. 


Fe + 2НСІ = FeCl, + Hz; Fe + H;SO, = FeSO, + H2 
(b) With hot and concentrated sulphuric acid it gives ferric sulphate and sulphur dioxide. 
2Fe + 6H5SO, = Fe SO;), + 350, + 6H,O 
(с) (i) With dilute nitric acid, iron gives ferrous nitrate and ammonium nitrate. 
4Fe + 8HNO; = 4Fe(NO;), + 8H 
HNO; + 8H = NH; + ЗНО 
NH; + HNO; = NH, NO; 


0 +2 
4Fe + 10HNO; = 4Fe(NO;); + NH,NO; + ЗНО 


(ii) With moderately strong nitric acid, iron is oxidised to ferric nitrate with the evolution 
of brown fumes of nitrogen di-oxide. 


0 +3 
Fe + 6HNO; = Ее(№О}); + 3NO; + 3H;0 


(iii) Iron does not react with highly concentrated nitric acid (specific gravity = 125) or with 
fuming nitric acid, iron is rendered passive i.e., becomes inactive, by such acids. 


€ Passivity of iron : 


When apiece of iron is kept for sometime in concentrated HNO; (sp. gr.> 1°25) orin fuming 
nitric acid, the iron does not react with the acid. In this state iron becomes inactive and exhibits 
lesser reactivity than it would normally exhibit. Iron in this form is said to be in passive state. 

Tron can also be passivated (i) by dipping it into a solution of oxidising agents such as 
chromic acid (H,CrO,), hydrogen peroxide, acidified potassium permanganate, perchloric 
acid; (ii) by its treatment with dry nitrogen dioxide it renders more intense passivity in iron 
than HNO). (iii) The iron anode sometimes becomes passive when a high current density is 

employed. 
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Passive iron does not react with dilute HCl or H2SO, with the liberation of hydrogen gas. 
It loses its power to displace Cu from CuSO, solution or Ag from AgNO; solution. 
Metals such as chromium, cobalt and nickel also exhibit this property. 


The intensity of passivity depends on the chemical conditions. As for example the passivity 
of iron is accelerated when it is coupled with platinum but when iron is coupled with zinc, it 
is not passivated. 


Causes of passivity : It is now believed that iron becomes passive due to the formation of 
very thin and impervious layer of ferroso ferric oxide on its surface. 


This is proved by the fact that if the film of this oxide on passive iron is removed by 
scratching or by heating it in a reducing gas like hydrogen or CO, the passive iron becomes 
activated again and exhibits its usual reactions. 


5. Action with non metals : Chlorine, sulphur and carbon combine directly with iron at 
high temperatures with the formation of ferric chloride, ferrous sulphide and iron carbide 


spectively. 
respective y. te + 3Cl, = 2FeChh Fe + б,  3Fe + C= POC 


6. Displacement reactions : Metals which are less electro-positive than iron, are displaced 
and get precipitated from the aqueous solutions of their salts by metallic iron and iron is 
converted to the corresponding soluble ferrous salts. 


Thus, when iron powder is added to an aqueous solution of CuSO,, the blue colour of the 
solution gradually disappears and pale green solution of ferrous sulphate i is produced with the 
precipitation of red metallic copper. CuSO, is ionised as Си" and SO? ions in the solution. 
When Fe is added to it, as Fe is more electro-positive than copper, Fe has greater tendency to 
lose electrons than Cu. As a result Fe atoms are converted to Fe** ions losing electrons and Cu** 
ions are converted to metallic Cu by accepting those electrons. 


CuSO, =Cutt+ SOT; Fe —2e — Fe” 
Cu** + 2е= Cul Fe?* + SO? = FeSO, 
The net reaction is CuSO, + Fe = FeSO, + Cul 
[The above reaction can be explained with the help of standard electrode potential. 
The Ect7c, = + 0°35У and Екўњ= > 0'44V 
oxidation 
гу 
Cut + Fe = Рен + Cu 
reduction 
Since Ё, = -Ed егеоге'Ё„/; = — (pi 44)V = + 0'44V. 
We know that, Ey = Exe + Еа -. Ёш 044 + 0°35 = 075 volt 
As the value of En is positive, the above reaction is spontaneous.] 
Similarly Ag is precipitated from AgNO; solution when iron powder is added to it. 
`` 2AgNO; + Fe = 2Ag 4 + Fe(NO;) 


(7) When carbon monoxide gas at 200 atmosphere pressure is passed through finely 
divided iron heated to 200°C, a colourless mobile liquid iron penta carbonyl is formed. 


200°C 
Fe + SCO ———> Ее(СО); 
200 atmos 


Besides penta carbonyl, iron also forms Fe,(CO)s, Fe;(CO),2 etc. 
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9 Rusting of iron and its prevention : 
Impure iron on being exposed to moist air gets covered with a loose reddish brown coating 
which is called rust. 

The phenomenon of formation of rust on the surface of impure iron is called rusting. 

Rust is mainly the hydrated ferric oxide [2Fe;O;, 3H0]. Freshly produced rust contains 
alittle ferric hydroxide, ferrous hydroxide and ferrous carbonate. The volume of the produced 
rust becomes greater than the part of iron,from which it is produced, consequently the rusted 
portion of iron becomes detachable causing gradual corrosion of the ‘metal. 

[A] Factors influencing the rusting : Itis found that pure iron does not get rust. 

(i). The presence of oxygen and moisture is essential for rusting. In absence of any one of 
these two, iron does not rust. 

(ii) The presence of traces of carbon di-oxide accelerates the formation of rust, but the 
presence of alkalis inhibits the rusting of iron. 

(iii) The presence of impurities in iron causes rusting. 

(iv) The rusting of iron is enhanced by water containing CI or SO? ions. 

[B] Mechanism of the formation of rust : There are different theories about the formation 
ofrusting. It has been generally accepted that rusting is an electro-chemical phenomenon which 
involves the anodic dissolution of iron. 

1, Carbonate formation theory : According to this theory, (i) the moisture of air and CO; 
combine together to form carbonic acid. (ii) The carbonic acid thus produced attacks the impure 
iron to form ferrous bicarbonate. (iii) In contact with O, and moisture of air, the ferrous 
bicarbonate is converted to basic carbonate which is decomposed to give hydrated ferric oxide 


which is known as rust. CO; + H:O = H;CO, 
Р Fe + 2Н›СО, = Fe(HCO;),+ Н, Т 
4Fe(HCO;) + О; + 2H,0 = 4[Fe(OH),, HCO;] + 4CO, T 
2[Fe(OH),HCO,] = [Fez0; 3H20] + 2CO, t 
This theory fails to explain the formation of rusting in absence of СО». 


2. Electro-chemical theory : It has been observed that the rusting occurs even in absence 
of carbon di-oxide i.e., CO; is not the only cause of rusting. Lambert put forward his electro- 
chemical theory of rusting. According to this theory, rusting is an electrical phenomena 
which occurs due to local action. Iron contains impurities, (particularly carbon) of lower 

2FeOs, aerial O; oxidation potentials. As a result, 


3H20 rust «—— Fe(OH} b numerous tiny voltaic cells are set up 
A ЖИ zd HO between iron itself and the impurities 
! OH- + Н+ жпа10› іп contact with moisture containing 


cell, iron acts as anode, the impurity 
acts as cathode and the moisture 
containing dissolved О» and CO, acts 
as electrolyte. The dissolved О, acts 
as a depolariser by removing hydrogen 
Fig. 9.5 : Rusting of iron as soon as it is formed. 


Reactions : H,O molecules are dissociated to form H* and OH- ions. At the anode, 
iron being more electro-positive, gives up electrons to form Fe** ion and passes into the 
solution. The electrons left by iron atoms go to the impurities which act as cathode from where 


ү 
1 

! Fe -2е ¦ HO= | 2H* +2e FH dissolved oxygen and СО,. In each 
1 
i 
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the H* ions accept electrons and are converted to hydrogen atoms. These Н atoms combine with 
the dissolved oxygen or the O; of air to form water. Fe** and OH-ions combine together to form 
ferrous hydroxide, which is oxidised by the aerial oxygen to give hydrated ferric oxide or rust. 
CO» accelerates rusting, as it combines with water to form HCO; which supplies Н" ions. 
НО = H* + OH- 
H20 + СО, = H;CO; ; H;CO; = 2H* + COF- 
At anode: Fe – 2e — Fet 
Fett + 20H- = Fe(OH), 
4Fe(OH), + О, = [2Fe;O;, 3Н›О] + HO 
At cathode: H* +e 2 H, H+H=H,T 
2H; + О; = 2H,0. 


[C] Prevention of rusting : The rusting of iron may be prevented by the following 
methods— 

(i) By coating iron with impervious layer of oil paints of aluminium powder, red lead, coal 
tar, pitch etc. 

(ii) By producing an adherent film of ferroso ferric oxide on the surface of iron. This isdone 
by passing steam over the red hot metal. As a result a protective film of ferroso ferric oxide is 
formed on the surface of iron, which protects the iron from the attack of atmospheric O; and 
moisture. 

(iii) By metallic coating—In this method iron is coated witha layer of more electro-positive 
metal than iron e.g., zinc, aluminium, chromium etc. The most commonly used method for the 
prevention of rusting is galvanisation in which, the surface of iron is covered with a layer of 
zinc. As zinc has higher oxidation potential than that of iron, zinc gets oxidised to Zn?" in 
preference to Fe when both of them come in contact with air and moisture. 

(iv) Electro deposition of more inert metals. Iron can be protected from rusting by the 
electro deposition of nickel or chromium on its surface. 

(v) Byalloying—lron can be prevented from rusting by alloying it with nickel or chromium 
or silicon. 

(vi) Coatings of phosphates or concrete on the surface of iron protects it from rusting. 


9.9. Compounds of iron. 

Iron mainly gives two series of compounds—ferrous in which the metal exhibits bivalency 
and ferric, in which iron exhibits trivalency. As iron is a transition element, it exhibits variable 
valencies. It has the tendency to form complex ions. 

e Differences between the ferrous and ferric compounds : 

(1) Ferrous compounds are less stable than the ferric compounds and are easily oxidised to 
ferric state. The electronic configuration of outermost shell of Fe” (ferrous ion) is 35?.3p$.3d* 
and that of Fe* (ferric ion) is 357.3р%.345. As the 3‘d’ shell in Fe** ion is half filled, it is more 
stable than Fe**. As a result ferrous compounds are easily oxidised to ferric compounds. 

(2) Most of the ferrous salts are light green and the ferric salts are yellow or reddish brown. 

(3) The ferrous salts generally do not undergo hydrolysis while the ferric salts readily 
undergo hydrolysis with the production of acidic solution. For this reason, when Na;CO, is 
added to an aqueous solution of ferrous salt, ferrous carbonate is produced, but ferric 
carbonate is not produced when Na,CO; is added to an aqueous solution of ferric salts— 
instead, a reddish brown precipitate of ferric hydroxide is obtained. 


2FeCl, + 3Na;CO; + 3H0 = 2Fe(OH); | + 6NaCI + ЗСО, T 
reddish brown ppt. 
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(4) Ferrous compounds are generally reducing agents, —KMnO,, K;Cr;O; and ferric 
compounds are reduced by ferrous salts. The ferric compounds on the other hand are oxidising 
agents. 

(5) The ferrous oxide is basic in nature but ferric oxide is amphoteric, though basic 
properties are mainly exhibited by it. 

(6) When Na;CO; or NaOH or NH,OH is added to an aqueous solution of a ferrous salt, 
a pale green (almost white) precipitate is obtained, but a reddish brown precipitate is obtained 
when Na;CO; or NaOH or NH,OH is added to an aqueous solution of a ferric salt. 

FeCl, + 2NaOH = Fe(OH), 1 + 2NaCl 
pale green ppt 
FeCl, + 3NaOH = Fe(OH); 4 + 3NaCl 
reddish brown ppt. 

(7) When potassium ferricyanide solution is added to an aqueous solution of a ferrous salt 

a deep blue precipitate (Turnbull's blue) is obtained due to the formation of a complex salt. 
FeSO, + K; [Fe(CN);] = KFe[Fe(CN).] +K2SO, 
blue ppt. 
On addition of patassium ferricyanide to an aqueous solution of a ferric salt yields a brown 


coloured solution. кесу, + K,[Fe(CN)¢] = Fe[Fe(CN)«] + 3KCI 
brown soln. 


(8) When potassium ferrocyanide solution is added to an aqueous solution of a ferrous salt 
in absence of air, a white precipitate of potassium ferrous ferrocyanide is obtained. 
FeSO, + K,[Fe(CN).] = K;Fe[Fe(CN);] + K280, 
Pot. ferrous ferro 
cyanide 

On addition of FeCl; solution to an aqueous solution of potassium ferro cyanide, yields a 

deep blue precipitate of patassium ferric ferro cyanide (Prussian blue ). 
FeCl, + K[Fe(CN);] = KFe[Fe(CN);] + 3KCI 

(9) When potassium thiocyanate (KCNS) or ammonium thiocyanate (NH4CNS) solution 
is added to an aqueous solution of a ferric salt, blood red colouration is obtained but these 
reagents on being added to an aqueous solution of a ferrous salt yield a colourless solution. 

€ Conversion of ferrous salt into ferric salt and vice versa. 

Ferrous salts act as good reducing agents. Thus ferrous salts are easily oxidised to ferric salts 
during their reducing actions. Ferrous salts are easily converted to the corresponding ferric 
salts by different oxidising agents like oxygen, acidified hydrogen peroxide, ozone, nitric acid, 
potassium permanganate, potassium dichromate, chlorine, bromine etc. 

(i) Acidified ferrous salts on being heated with conc HNO; are converted to ferric salts. 

6FeSO, + 3H,SO, + 2HNO; = 3Fe,(SO,); + 2NO + 4H;0 

(ii) When ferrous salts are treated with chlorine or bromine, are converted to corresponding 


гш 2ЕеСЪ, + Cl, -2FeCh;  2FeBr) + Вг, = 2FeBr; 
(iii) Ferrous sulphate is oxidised by acidified HO: to ferric sulphate. 
2FeSO, + Н,50, + H;O; = Fe,(SO,); + 29,0. 
(iv) Ferrous salts are oxidised by acidified KMnO, solution to form ferric salts. 
2KMnO, + 10FeSO, + 8H2SO, ="5Fe2(SO,); + K;SO, + 2MnSO, + 8H;O 
(v) Ferrous salts are oxidised to ferric salts by oxygen. 
4FeSO, + 29,80; + О, = 2Fe,(SO,); + 2H,0 
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On the other hand ferric salts are mild oxidising agents, so ferric salts are reduced to ferrous 
salts by the action of reducing agents like nascent hydrogen, hydrogen sulphide, stannous 
chloride, sulphur dioxide etc. 

(i) Ferric salts are reduced to ferrous salts by the nascent hydrogen produced by the action 
of Zn on НСІ. 


H 
FeCl me FeCl, + HCI. 


(ii) Ferric salts are reduced to ferrous salts by hydrogen sulphide. 
2FeCl, + H;S = 2ЕеСЬ + 2HCI + S 4 
(iii) Ferric compounds are reduced by stannous chloride to produce ferrous compounds. 
2FeCl; + SnCl; = 2FeCl; + SnCl, 
1. Ferrous oxide (FeO) : 
[A] Preparation (i) Ferrous oxide is prepared by heating ferrous oxalate at 150°C — 
170°C in absence of air. 


Heat 
ie 
FeC,0, 1 FeO + СО + CO; 


(ii) It can also be obtained by reducing ferric oxide by hydrogen at 300°C. 
Fe,0; + Н; = 2FeO + H;O. 
[В] Properties : It is black powder and insoluble in water. (i) When burnt in air it gives 


ferric oxide. AFeO + О, = 2Fe,0; 

(ii) Itis a basic oxide and forms ferrous salts on being treated with non oxidising acids like 
hydrochloric acid and dilute H2SO,. 

FeO + 2HCI = FeCl, + H;O ; FeO + H,SO, = FeSO, + HO. 

(iii) It is reduced to metallic iron, when it is heated in a current of Hz at 700°C 

FeO + Н, = Fe + HO 

[C] Itis chiefly used in the glass industry to impart green colour to the glass. 

2. Ferric oxide (Fe;O;) (Jeweller's rouge) : 

It occurs in nature as red haematite and brown haematite. 

[A] Preparation : 

(i) From ferrous sulphate : Ferric oxide is prepared by heating ferrous sulphate. Thecrystal 
of FeSO, on being heated, loses its water of crystallisation and becomes anhydrous. The 
anhydrous ferrous sulphate on being strongly heated, is decomposed to give ferric oxide. The 
red powder thus obtained is called rouge. 

2FeSO; T FeO; + SO; + SO; 


(ii) From ferric salts : When NaOH or NH,OH or Na;CO, is added to an aqueous solution 
of a ferric salt, a reddish brown precipitate of ferric hydroxide is obtained. The precipitate is 
washed, dried and heated strongly when it decomposes to give ferric oxide. 

FeCl, + 3NaOH = Fe(OH); + 3NaCI ; 2Fe(OH); = Fe;O; + ЗНО 
(iii) Commercial preparation : Iron pyrites, on being heated in excess of air is converted 


ылри 4Ее$› + 110, = 2Ее;О; + 850,1 
[B] Properties : (1) It is reddish brown solid and insoluble in water. 
(i) It very stable oxide, it remains unaffected by heat. 
(ii) Basic nature : When it is treated with acids, it forms ferric salts and water. 
Fe,0; + 6HCI = 2FeCl; + ЗНО ; Fe,0; + 39,50, = Fe(SO4) + 3H20 
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(iii) Amphoteric nature : When ferric oxide is heated with sodium carbonate or NaOH 


sodium ferrite is obtained. 2МаОН + Fe,0; = 2NaFeO, + ЊО 
FeO; + Ма;СО; = 2NaFeO, + CO; 
(iv) At high temperature ferric oxide is reduced by hydrogen or carbon or carbon monoxide 


to produce metallic iron. Fe,0; + 3H, = 2Fe + 3H,0 
ҒеО + ЗС = 2Fe + ЗСО 7 
Fe,0; + ЗСО = 2Fe + 3CO;T 
(v) It is converted to ferroso ferric oxide, when it is ignited at 1400°С in vacuum. 
6Fe,0; = 4Fe30, + О; 
[C] Uses : Pure ferric oxide is called rouge which is used by jewellers as polishing powder. , 
It is used as a catalyst in the manufacture of HSO, by Mannheim process. 
It is also used as red pigment in cosmeties and as red paint. 
3. Ferroso ferric oxide or triferric tetroxide (ЕезО,) : 
It is found in nature as magnetite. 
[A] Preparation : (i) It is prepared by passing steam over red hot iron. 
3Fe + 4H;0 = ЕезО, + 4H; 
(ii) It can also be prepared by heating iron to redness in air. 
3Fe + 20; = Fe;0,. 
[B] Properties : It is black and strongly magnetic substance. 
(i) On being heated in a current of hydrogen, it is reduced to give metallic iron. 
Fe30, + 4H; = 3Fe + 4H,0 
(ii) It is not readily attacked by acids, even HNO; has got no action on it. Strong hydro 
chloric acid dissolves it producing a mixture of ferrous chloride and ferric chloride. 
FeO, + 8НСІ = 2FeCl, + FeCl, + 4H,0 


As ferroso ferric oxide yields a mixture of ferrous and ferric salts when it is treated with 
НСІ, this oxide is called a mixed oxide containing FeO and Ее›О; in the molar ratio 1 $ 1. 


[C] Uses : It is used as an electrode in the electrolysis because it is not attacked by 
О; or Ch. 
4. Ferrous hydroxide [Fe(OH);] : 


[A] Preparation : Ferrous hydroxide is obtained as a pale green precipitate when an 
alkali hydroxide e.g., NaOH or KOH or NH4OH is added to an air free solution of pure ferrous 
salt in complete absence of air. 


FeSO, + 2NaOH = Fe(OH), } + Na,SO, 


[B] Properties : (i) Ferrous hydroxide in pure state is almost white in absence of air. 
(ii) In contact with air it first turns green and finally it turns brown. This is because of the fact 
that in presence of air it is oxidised by aerial О; to form ferric hydroxide. 


4Fe(OH), + О, + 29,0 = 4Fe(OH); 
(iii) It is not soluble in water, but readily dissolves in acids with the formation of ferrous 
чай Fe(OH), + 2HCI = FeCl, + 2H0 ^ 
Fe(OH), + HSO, = FeSO, + 2H,O 
(iv) It can act as a reducing agent. 
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5. Ferric hydroxide [Fe(OH);] : 

[A] Preparation : It is prepared by the action of caustic soda or an alkali carbonate or 
ammonium hydroxide, on an aqueous solution of a ferric salt. Ferric hydroxide is obtained as 
a reddish brown precipitate which is separated by filtration. 

FeCl; + 3NaOH = Fe(OH); 1 + 3NaCl 
FeCl; + 3NH4OH = Fe(OH); 1 + 3МН,С1 
2FeCl; + 3Na,CO; + 3H0 = 2Fe(OH), + ЗСО» + 6NaCl 
[B] Properties : (i) It is reddish brown solid which is insoluble in water. 
(ii) On being heated it gives ferric oxide. 
2Fe(OH); = FeO; + 3H20. 
(iii) It has weak basic character. It produces ferric salts with acids. 
Fe(OH); + 3НС1 = FeCl; + 3H,0 
It has also weak acidic character which is exhibited in the formation of ferrites by its 


a Fe(OH); + NaOH = NaFeO; + 290 

[C] Uses : Freshly prepared ferric hydroxide is used as antidote in arsenic poisoning. Itis 
used in the purification of coal gas. & 

6. Ferrous sulphate or green vitriol [FeSO,, 7H2O] : 

[A] Preparation : (i) Ferrous sulphate is prepared by dissolving metallic iron or ferrous 
sulphide with dilute sulphuric acid. The solution thus obtained is concentrated in absence of 
air and then the solution is allowed to cool slowly when pale green crystals of ferrous sulphate 
are obtained. 

Fe + H5SO, = FeSO, + Н, ; FeS + H5SO, = FeSO, + HS 

Ferrous sulphate is also obtained from the waste liquid left in the Kipp’s apparatus after the 
preparation of hydrogen sulphide by the action of ferrous sulphide on dil. HSO,. 

(ii) Ferrous sulphide is commercially prepared by the slow oxidation of iron pyrites 
in presence of air and moisture. Heaps of iron pyrites are left exposed in moist air for a 
long time.The iron pyrites thus undergoes oxidation with the formation of ferrous sulphate 
and H580,. : 

The free H;SO,is neutralised by adding scrap iron which atthe same time reduces any ferric 
sulphate present with FeSO;. The solution is then filtered and on crystallisation pale green 
crystals of ferrous sulphate are obtained. и 

2FeS + 2H;0 + 70, = 2FeSO, + 2950, 

[B] Properties : (i) Ferrous sulphate forms pale green monoclinic crystals of hepta hydrate 
FeSO,, 7H;O. It is isomorphous with epsom salt (MgSOs, 7H30), white vitriol (ZnSO,, 790) 
and nickel sulphate (NiSO,, 7H0). Anhydrous ferrous sulphate is white. 

(ii) Ferrous sulphate is soluble in water and its aqueous solution is acidic due to the 
hydrolysis of ferrous sulphate. 

FeSO, + 2Н›О = Fe(OH), + 2H* + SOF- 

(iii) On being gradually heated, at 100°C green vitriol loses 6 molecules of water of 
crystallisation and is converted to white mono hydrate (FeSO, H20). On further heating, the 
mono hydrate is converted to white anhydrous ferrous sulphate, which decomposes at red heat 
to form ferric oxide (called rouge or venetian red) and oxides of sulphur. 


100°C 
FeSO,, 7H,0 9€ ,. FeSO, HO > FeSO, 
2 monoh 


T ydrale HO white 
2FeSO, = FeO; + SO; + SO; 
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(iv) Formation of addition compounds : Nitric oxide is absorbed by cold and freshly 
prepared FeSO, solution with the formation of dark brown nitroso penta aqua iron (II) 
sulphate. This compound decomposes readily on mild heating to liberate nitric oxide. 


FeSO, + NO + 5H;O = [Fe (H0); МО]$О, 
(у) Reducing property : Ferrous sulphate is an active reducing agent. 
(a) Itdecolorises acidified potassium permanganate solution with the formation of colour 
less manganous salt. 
2KMnO, + 10Ее$О, + 8H,SO, = K,SO, + 2MnSO, + 5Fe,(SO,); + 8H;O 


(b) It reduces acidified K;Cr;O; solution to green chromic salt and as a result the orange 
colour of the solution turns green. 


К›Сг›О; + 6FeSO, + 79,50, = К,50,  Cr(SO;); + 3FeXSO;); + 79,0 
(с) It can reduce mercuric salts to mercurous salts and auric chloride to metallic gold. 
2HgCl, + 2FeSO, + H;SO, = Hg2Ch + Fe2(SO,); + 2HCI 
AuCl; + 3FeSO, = Au 1 + Fe,(SO,); + FeCl, 


(d) Ferrous sulphate reduces nitrogen dioxide to nitric oxide which combines with ferrous 
sulphate solution to form dark brown nitroso penta aqua iron (1I) sulphate. 


2FeSO, + H;SO, + NO; = Fe (SO); + NO + HO 
FeSO, + NO + 590 = [Fe(H,0);NO]SO,4 


(vi) On exposure to air, the green crystals of ferrous sulphate effloresce and gradually turn 
brown due to th: formation of basic ferric sulphate. 


4FeSO, + 29,0 + О, = 4Fe(OH)SO, 
brown 


(vii) Formation of double salt : With the alkali sulphates and amonium sulphate it readily 
forms double salts of the type R9SO;, FeSO,, 6H;O where R = ап alkali metal or NH4 radical. 
The most common double salt of this type is ferrous ammonium sulphate (NH4);SO,, FeSO., 
6H;O called Mohr's salt. As this salt is not easily oxidised in air, it is widely used is in the 
volumetric analysis as a reducing agent. 


(viii) When potassium cyanide is added in excess to an aqueous solution of ferrous 
sulphate, potassium ferrocyanide is produced. 


FeSO, + 2KCN = Fe(CN), + K2SO, ; Fe(CN); + 4KCN = K,[Fe(CN).] 


[C] Uses : It is used (i) in making writing ink, and in-the preparation of Mohr’s salt, (ii) as 
weed killer in agriculture, (iii) as a mordant in dyeing, (iv) for the preservation of wood, (v) as 
a reagent in the laboratory. 


€ Ferrous ammonium sulphate or Mohr's salt [(NH,)2SO4, FeSO,, 6H;O] : 

lt is a double salt and is called Mohr's salt. This is because of the fact that, the chemical properties of both 
FeSO, and (NH,)SO, are maintained in Mohr’s salt. In its aqueous solution, it dissociates to give Fe^*, NH,* and 
SO, ions. But KalFe(CN).] is not a double salt. Though it is prepared by the action of KCN and Fe(CN);, 
K,{Fe(CN).] does not give Ке, Fe’* and СМ ions in its aqueous solution. In its aqueous solution it dissociates to 
give K* and Fe(CN).“ions. Consequently K,[Fe(CN),] is not a double salt—it is a complex salt. 

[A] Preparation : The aqueous solution containing ferrous svlphate and ammonium sulphate in molecular 
proportiéns is made concentrated and the saturated solution thus obtained is allowed to crystallise when the 
crystals of ferrous ammonium sulphate are separated бт the solution of the mixture. 


A few drops of sulphuric acid and some iron wire is added to the mixture before concentration fo prevent the 
oxidation of ferrous sulphate to ferric sulphate. 
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[B] Properties : The Mohr's salt is pale green crystal. It does not effloresce easily like ferrous sulphate. Its 
aqueous solution does not readily oxidised by the aerial O; like that of ferrous sulphate. Because of these 
properties, Mohr's saltis used in volumetric analysis as а reducing agent instead of ferrous sulphate. 


7. Ferric sulphate [Fe,(SO,4)3, 9H20] : 

[A] Preparation : (i) It is prepared by oxidising the aqueous solution of ferrous sulphate 
acidified with sulphuric acid. Ferrous sulphate is dissolved in water and to it sulphuric acid and 
concentrated nitric acid are added and the resulting solution is boiled, when ferrous sulphate 
is oxidised by nitric acid to form ferric sulphate. The final solution is evaporated and the 
concentrated solution is slowly cooled when yellow crystals of hydrated ferric sulphate 
Fe,(SO)3, 9H20 separate out. 

6FeSO, + 3H5SO, + 2HNO; = 3Fe (SO;); + 2NO + 4H20 

(ii) Ferric sulphate can also be prepared by heating ferric oxide, ferric hydroxide or ferrous 

sulphate with conc. H2504. : 
Fe;O; + 3H;SO, = Fe(SO;) + 3H20 
2Fe(OH); + 3H,SO, = Fe,(SO,); + 6H20 
2FeSO, + 2H2SO, = FeXSO;); + 290 + SO; 

[B] Properties : (i) Hydrated ferric sulplate is yellow crystalline solid. 

(ii) It dissolves slowly in water, but the dissolution occurs rapidly in presence of a little 
ferrous sulphate. The solution thus formed appears brownish red due to the formation of basic 
ferric sulphate [Fe(OH)SO,] which is formed due to the hydrolysis of ferric sulphate 

Fe,(SO,); + 2H.OH = 2Fe(OH)SO, + H2504 

(iii) Action of heat : When the hydrated salt is gradually heated, it is first converted to 
yellowish white powder of its anhydrous salt. Atabove 500°C, the anyhydrous salt decomposes 
to give ferric oxide and sulphur trioxide. 

Fe(S0)), 9H,O су? FeSO) 45 Fe:0; + 350; 

(iv) Metallic copper dissolves in the aqueous solution ferric sulphate with the formation of 

copper sulphate and ferric sulphate is reduced to ferrous sulphate. 
Cu + Fe,(SO,); = 2FeSO, + CuSO, 

(v) Yellow ferric sulphate solution is reduced to colourless ferrous sulphate by the nascent 
hydrogen produced by the action of iron powder and dilute sulphuric acid. 

(vi) Formation of double salt : With alkali metals, ferric sulphate forms double salts, of 
the type M;SO,, FeXSO,);, 24H20, where Mz Na, K, NH4. These double salts of iron arc called 
ferric alums e.g., K2SOx, FeXSO4)s, 24H,0. В 

[C] Uses : It is used (i) in volumetric analysis and (ii) ferric ammonium alum is used to 
separate clay from water. 

8. Ferrous chloride [FeCh, 4H20] : 

[A] Preparation : (i) Anhydrous ferrous chloride is prepared by passing hydrogen 
chloride over heated iron powder in absence of air. 

Fe + 2HCI = FeCl; + H5 

It can also be prepared by passing dry hydrogen over heated ferric chloride. 

2FeCl, + Н, = 2FeCl; + 2НСІ. 
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(ii) The hydrated ferrous chloride can be prepared by dissolving metallic iron, or ferrous 
oxide or ferrous sulphide in hot and dilute hydrochloric acid in absence of air. The resulting 
solution is made concentrated and slowly cooled when crystals of hydrated ferrous chloride 
(FeCl;, 49,0) separate out from the solution. 

FeS + 2HCI = FeCl, + Н›5 

[B] Properties : (i) Anhydrous ferrous chloride is white solid. It is deliquescent. The 
hydrated ferrous chloride is greenish blue crystalline solid. (ii) Both the anhydrous and 
hydrated ferrous chloride are soluble in water. 

(iii) It is readily converted to ferric chloride. 

(iv) On heating in air itis oxidised to give a yellow mass which contains ferric chloride and 


тош. 12FeCl, + 30; = 8FeCl; + 2Fe;0; 
' (v) On being heated with steam, hydrogen and hydrogen chloride are liberated with the 
formation of ferroso ferric oxide. 
3FeCl, + 490 = Fe;O, + Н,  6HCI 

(vi) Ferrous chloride readily absorbs ammonia with the formation of a compound of 
composition FeCl), 6NH3. 

9. Ferric chloride [FeCl;, 6H20] : 

[A] Preparation : (i) The anhydrous ferric chloride is prepared by passing dry chlorine 
over red hot iron filing when the produced ferric chloride sublimes and collects in a cold 
receiverzas black crystals. 2Fe + 3С = 2FeCh. 


Some iron filing is placed within a combustion tube. One end of the combustion tube is 
cónnected with an inlet tube and the other end is connected with a bottle which acts as receiver. 
The iron filing in the combustion tube is heated strongly and dry chlorine is passed through the 
combustion tube when anhydrous ferric chloride is produced which sublimes and collects in 
the receiver. 

(ii) Hydrated ferric chloride is obtained by dissolving ferric oxide or ferric hydroxide in 
dilute hydro chloric acid. The resulting solution is made concentrated and cooled slowly when 
yellow crystals of hydrated ferric chloride separate out. 

Fe,0; + 6HCI = 2FeCl; + 3H;0 ; Fe(OH); + 3HCI = FeCl; + ЗНО 

(iii) Hydrated ferric chloride can also be prepared by dissolving metallic iron іп dilute НСІ. 
Ferrous chloride solution thus obtained is saturated with chlorine when ferrous chloride is 
oxidised to ferric chloride. The resulting solution is made concentrated and cooled slowly when 
ferric chloride crystals separate out from the solution. 


Fe + 2HCI = FeCl; +Н›; 2FeCl; + Cl; = 2FeCl; 


[B] Properties : (i) Anhydrous ferric chloride is hygroscopic black crystals which fume 
in moist air. (ii) These crystals sublime at 280°C and undergo decomposition at above 750°C 
producing ferrous chloride and chlorine. 


2FeCl, = FeCl, + Cl; 1 


(iii) Hydrated ferric chloride (FeCls, 6H20) is yellow crystalline solid. It is soluble in water 
and its aqueous solution is acidic due to hydrolysis. 


FeCl; + 3H;0 = Fe(OH); 1 + 3(H* + СГ) 
(iv) On heating, the hydrated ferric chloride is converted to ferric oxide and НСІ. 
2[FeCl;, 6H;0.] = Fe;O; + 6HCI + 9H0 
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(v) Ferric chloride is reduced to form ferrous chloride by the action of nascent hydrogen, 
stannous chloride, hydrogen sulphide, sulphur di-oxide etc. 
FeCl; + Н = FeCl; + HCl 
2FeCl; + Н›$ = 2FeCl, + 2HCI + S 
2FeCl; + SnCl, = 2FeCl; + SnCl, 
2FeCl; + SO, + 2H;0 = 2FeCl; + 2HCI + Н,50; 

(vi) Ferric chloride has mild oxidising property. It can oxidise KI solution liberating 1. 

2FeCl; + 2KI = I + 2КС1 + 2FeCl; 

(vii) It absorbs ammonia to form FeCl, 6NH3. 

(viii) Ferric chloride forms double salts with many metallic chlorides e.g., FeCl;, 2КСІ, 
HO; FeCl, 2NH,Cl, H20 and FeCl;, MgCl, H,0. 

(ix) Ferric chloride is a covalent compound which is indicated by its solubility in non polar 
solvents like ether, alcohol, benzene. However, in its aqueous solution it dissociates to give 
Fe% and СГ ions. А 

(x) The vapour density of ferric chloride at 450°C corresponds to the formula Ее;С%. At 
higher temperature the Fe;Cl; molecules split up to give FeCl; molecules and as a result its 
vapour density gradually decreases on heating. 24 e . 


The vapour density at 750°C corresponds to the Cli Cl: Cl; 
formula FeCl;. At above 750°C its vapour density uw EER PA 


decreases further due to the decompo-sition of — : Fe x 
FeCl; into FeCl; and Cl». „орт Rage A NA 

The demerised molecule of ferric chloride has Е cl te et 
the adjacent structure. 

[C] Uses : Blood is a colloidal solution. FeCl; solution coagulates blood and so during 
bleeding it is used as a styptic i.e., in stopping the bleeding. Itis used. (i) as a mordant in dyeing, 
(ii) as an oxidising agent in organic dye stuff industry, (iii) as a laboratory reagent. 

10. Ferrous nitrate [Fe(NO3)2, 6H;0] : 

[A] Preparation : An aqueous solution of freshly prepared ferrous sulphate is added to 
asolution of lead nitrate or bariumnitrate when ferrous nitrate and precipitate of lead sulphate 
or barium sulphate are obtained. The precipitate of lead sulphate or barium sulphate is filtered 
offand the filtrate thus obtained is evaporated at low temperature in absence of air when crystals 
of the hexa hydrate Fe(NO;)2, 6H;O are separated. 

[B] Properties : Ferrous nitrate is light green crystalline solid which is readily oxidised to 
ferric nitrate in presence of air. It is highly soluble in water. 

11. Ferric nitrate [Fe(NOs)3, 9H20] : 

[A] Preparation : It is prepared by dissolving metallic iron or its oxide in hot and dilute 
nitric acid. The solution on evaporation gives the crystals of ferric nitrate. 

Fe + 4HNO; = Fe(NO3); + NO + 2Н;О 
Ее;О; + 6HNO; = 2Fe(NO;); + 3H20. 

[B] Properties : Ferric nitrate is deliquescent crystalline solid. It smells of nitrogen di- 
oxide due to its slow decomposition. It is soluble in water which turns brown due to its 
hydrolysis. 

[C] Uses : It is used in dyeing. 


CH-IV/35 
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12. Ferrous carbonate (FeCO,) : 
It occurs in nature as siderite. 


. [A] Preparation : When sodium carbonate is added to an aqueous solution of ferrous’ 


sulphate in absence of air, ferrous carbonate is obtained as white precipitate. 
FeSO, + Na,CO; = FeCO; J + NaSO, 

[B] Properties : Ferrous carbonate is white solid. It is unstable. On exposure to moist air 

it is converted to brown mass due to its conversion into ferric hydroxide. 
2FeCO; + 3H,O = 2Fe(OH); 1 + CO, + CO. 

Itis insoluble in water but it dissolves in water which contains dissolved carbon dioxide due 

to the formation of ferrous bicarbonate. 
FeCO; + CO; + HO = Fe(HCO;); 
The solution of ferrous bicarbonate turns brown due to its oxidation by aerial oxygen. 
4Fe(HCO;)) + О, + 2Н›О = 4Fe(OH), 1 + 8CO, 


€ Ferric Carbonate is not known— Explain why ? 


All soluble ferric salts undergo hydrolysis when dissolved in water producing acid. Consequently, when 
sodium carbonate is added to a solution of ferric salt, it reacts with the acid produced by the hydrolysis of the ferric 
salt. As а result carbon di oxide is given off and reddish brov-n precipitate of ferric hydroxide is obtained. instead 
of ferric carbonate. (See also Fajan’s rule) 


[FeCls + ЗНО = Fe(OH); + 3HCI] x 2 
[Na;CO; + 2HCI = 2NaCl + СО; + HO] x 3 


2FeCl; + 3NoCO; + ЗНО = 2Fe(OH)3 4 + 6NaCl + ЗСО, Т 

ө Identification of iron and iron compounds : 

1. Dry tests : 

(i) Charcoal test : The iron salt is mixed with excess sodium carbonate and the mixture is 
kept in the cavity of a charcoal block. It is then heated in the reducing flame with a blow pipe. 

Observation : A black residue is left in the charcoal block which is attracted by magnet. 
This proves that the black residue left in the charcoal is nothing but iron. 

FeSO,  Na;CO; = FeCO; + Na,SO, 
FeCO; = FeO + CO; ; FeO +C =Fe+COT 
. black residue 

(ii) Borax bead test : Borax bead test is performed with the iron salts. 

Observation : In oxidising flame a yellow coloured bead is obtained which turns bottle 
green in reducing flame. 

In this test iron salt is oxidised to ferric oxide in the oxidising flame which reacts with the 
borax bead to form ferric metaborate which is yellow. This in reducing flame is reduced to form 
ferrous metaborate which is bottle green. 

Fe,0; + 3B,0; = 2Fe(BO,); 
yellow bead 
2Fe(BO,); + C = 2Fe(BO,), + B20; + CO 
bottle green bead. 

(2) Wet tests : i 

To the aqueous solution of the iron salt 2 drops of conc. HNO; are added and boiled. Then 
after adding excess of NH4CI to it, NH4OH is added, till the smell of NH; persists. 

A reddish brown precipitate will indicate the presence of iron. 
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ө The ferrous and ferric salts are identified by the following tests : 
Obervations 


Tests 


Ferrous salts 


Ferric salts 


(1) NaOH soln. is added 
to the salt solution. 


(2) To the soln. of the salt 
patassium ferro cya- 
nide soln. is added. 


(3) To the salt soln. pota- 
ssium ferricyanide is 
added. 


(4) To the solution of the 
salt potassium thio 
cyanate is added. 


A greenish white ppt of Fe(OH), 
is obtained which turns reddish 
brown due to aerial oxidation. 

Ее” + 2NaOH = Fe(OH), + 2Nat _ 


AFe{OH), + О; + 2H,O = 4Fe(OH), 
brown рр! 


A white ppt. of potassium ferrous 
ferricyanide is obtained which tums 
deep blue due to its aerial oxidation 
1o potassium ferrous ferrocyanide. 

Fe** + K[Fe(CN)] = 
K,Fe[Fe(CN).] + 2K* 
Pot ferrous 
_ferrocyanide 

A deep blue ppt. of potassium 
ferric ferrocyanide Бо; blue) is 
obtained. 

Fe** + Ka[Fe(CN)«] = 
KFe[Fe(CN).] + 2K* 


No colouration. 


e Prussian blue and Turnbull's blue : 
om ferro cyanide чеси to an aqueous solution of FeCls, a dark blue precipitate 


is obtain 


which was formerly regarded as 
represented as follows :— 


* A reddish brown precipitate of 
ferric hydroxide is obtained. 
Ее” + 3NaOH = Fe(OH), 1 + 3Na* 
reddish brown 
ppt 


А деер blue ppt. of potassium 
ferric ferrocyanide is obtained 
(Prussian blue). 

Ее? + K,[Fe(CN)s = 

KFe[Fe(CN).] + 3K* 
Pot. ferric 


A brown colouration is obtained. 
Fe% + Ka[Fe(CN).] = 
Fe[Fe(CN).] + 3K* 
Ferric ferricyanide 


A blood red colouration due to 
the formation of ferrithiocyanate 
ion [Fe(CNS)}*. 

Fe + KCNS = [Fe(CNS)]** + K* 

The colour is discharged by the 
addition of HgCl; solution. 

2|Fe(CNS)]^* + HgCl = 
2Fe* + 2CF + Hg(CNS)2. 


ic ferrocyanide and the equation for the reaction was earlier 


AFeCl + 3Ki[Fe(CN), = FeulFe(CN)s] + 12 KCI 
But X-ray studies show that it contains FelFe|CNI]- ion. Hence the equation is 
m a 
FeCl; + KdFe(CN];] = KFe[Fe(CN]4] + экс 
ب‎ d 


Prussian blue 


Similarly a dark blue precipitate is also formed when potassium ferricyanide is added to ferrous salt solution. 
I! was earlier formlated as ferrous ferricyanide. 
3FeSO, + 2Ka[Fe(CN).] = FeslFe(CN)sb + 3 K2SO, 
This blue precipitate is called Turnbull's blue which has been formlated as KFe[Fe(CN)<] 


m 
FeSO, + КРЧОМЫ] = KFeFelCNI] + K504 
Recent X-ray work, I.R studies and Mossabauer spectroscopy have proved that both jumbull's blue and 


(ПИП 
Prussian blue are identical. Prussian blue is KFe[Fe(CN)s 


whereas Tumbull’s blue is KFe[Fe(CN]4]. Oxidation 


number of Fe is, as if, exchanged. Formation of Prussian blue and Turnbull's blue is analytically important in 
detection of Fe(lll) and Fe(ll) ions. 

When Prussian blue is oxidised with dilute HNOs, a green precipitate results which is ferric ferricyanide 
Fe[Fe(CN)s]. This pigment is commercially called Barlin’s green. A solution of prussium blue in oxalic acid is used 


in making writing ink. 
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€ Questions e 


1. Name the important ores of iron. Describe briefly the manufacture of cast iron starting from its oxide and 
carbonate ores. State the reactions which occur. Write down the important uses of cast iron. 

2. (a) Describe the blast furnace which is used in the extraction of cast iron. State briefly the chemical 
reactions which occur in different parts of the furnace during the smelting of the roasted ore. How is slag formed 
in the blast furnace $ 

(b) What is the real reducing agent of haematite in the blast furnace ? [WBJEE 1996] 

3. In connection with the extraction of cast iron from haematite in the blast furnace, furnish the following 
informations :— 

(i) basic raw materials used in the process. (ii) role of each raw material in the process of extraction, (iii) role 
of air used in the process, (iv) reactions in the blast furnace leading to formation of iron, (у) collection of metal 
after formation, (vi) two by-products and their uses. [WBHS '84, 89] 

4. How is steel prepared by (a) Bessemer process and (b) Open hearth process. Which process is the better 
one and why ? 

5. Describe the process of preparing wrought iron from cast iron. 

6. (a) Compare the physical properties of cast iron, steel and wroughtiron. What the differences are due 
to ? State the uses of the three types of iron. 

(b) Arrange the following substances in order of increasing carbon content : Wrought Iron, Cast Iron 
and Steel. {WBHS '96] 

7. A cast iron is found to be free from phosphorus impurities. Describe mentioning the chemical reactions 
that take place, how would you prepare steel from this type of cast iron. 

8. Compare the Bessemer and the open hearth processes for the production of steel. How do the properties 
of steel depend upon (i) heat treatment (ii) carbon content ? 

9. Answer the following :— 

(1) What is steel ? How does it differ from cast iron ? What are annealing and nitriding of steel ? 

(ii) What are alloy steels ? Name two such steel and state their uses. 

(iii) What are the effects of sulphur and phosphorus on the quality of iron ? 


(iv) How does the lining of the Bessemer converter depend upon the presence or absence of phosphorus in 
cast iron. 


(v) How is the heat maintained in the Bessemer converter without using any fuel 2 
(vi) What is Thomas slag ? Describe how it is produced. State its uses. 


(vii) What is tempering ? What is its utility 2 [WBJEE '96] 

(viii) What kind of cast iron is used in the acid Bessemer process ? 

(ix) Mention the properties of d-block elements. IWBHS '89] 

(x) Arrange in the descending order of carbon contents stainless steel, mild steel, cast iron, wrought iron. 
[WBJEE ’96] 


(xi) Why ferric chloride forms a dimer ? 
(xii) An element (take the symbol as М) has 26 protons in the nucleus of its atom. Write the electronic 
configurations of M* and М. А [М/ВЈЕЕ '95] 


10. Whatis rusting ? Describe the electro chemical changes that take place during the rusting of iron. Describe 
some methods of prevention of rusting. ; 


11. Describe the manufacture of steel by open hearth process stating the reactions involved. What are the 
advantages and disadvantages of this process? [WBHS '83, (Т) 84] 

12. (i) In what oxidation states can iron exist in its compounds ? Give examples. 

(ii) What is passivity of iron è 

(iii) How can salts of iron (Il) and iron (IIl) be differentiated if both are soluble in water ? [WBJEE'91] 

(iv) A small diamond is alloyed with iron. What products are formed ? How is the chemical nature of diamond 
disclosed by this experiment ? [WBJEE '91] 

(у) What is the main constituent of slag in the blast furnace during the production of steel ? —. [WBJEE 92] 


IRON AND ITS COMPOUNDS 217 


vi) - How would you identify the following ions in presence of one another? 

(а) Ее?* and Al*, (b) Zn?* and Fe**, (c) Ее?* and Си?*. Write down the reactions involved. 
vii) How would you convert (a) FeCO, — Fe,O,, (b) Fe(NO,), > N, (c) FeSO, — Fe. 
(viii) Give the reactions taking place during the reduction of Fe,O, in ће blast furnace. [WBJEE '93] 
ix) Which of the following contain more carbon, cast iron, steel? 
x) What will be your observations if ferrous sulphate crystals are gradually heated to redness? 
(xi) _ What characteristics are present in the arrangement of electrons in transition element? [WBJEE 86] 
(xii) Give an example of transition metal oxide used as catalyst. [WBJEE '86] 
* Шш What happens when hydrated ferric chloride is heated? How would you obtain andydrous ferric 
chloride? › 
xiv) How would you identify the following ions in presence of the other? Fe” and АЁ. 
xv) What happens when ferrous sulphate crystals are heated in presence of air? State the industrial 
application of the reaction. [WBJEE '97] 


13. 4°00 g of a powder known to contain only copper, zinc and iron, was treated with excess of hot 
and dilute HCl until the reaction was complete. The undissolved material after filtration, washing and drying 
weighed 1°50 g. The filtrate and washings were treated with ammonium chloride solution and ammonium 
hydroxide in slight excess when a chocolate brown precipitate was obtained. After filtration, washing, drying 
and ignition to constant weight, it left a. product weighing 2`55 g. Calculate the percentage composition of 
the original powder. [Fe = 56, О = 16] 

14. (i) In which of the following cases flux is required ? 

(a) In the smelting of roasted zinc blende. 
(b): In ће extraction of iron from haematite in the blast furnace. 

Explain and mention the name of the flux with the purpose it serves where itis required. — . [WBJEE /95] 

(ii). Illustrate the (a) acidic property of ferric oxide, [WBJEE'95]. (b) reducing property of ferrous sulphate, 
(c) oxidising property of ferric chloride. 

(iii) (a) Name the metals having the following ores— magnetite, chalo pyrites, siderite. 

(b) Name the constituents of the following alloys— stainless steel, inver, Alnico, Dura iron. 

(c) Give examples of transition metal oxide used as catalyst. 

(d) Why is iron called a transition metal ? 

(е) Illustrate iron as a part of an anion. 

(f) ‘Name a compound of iron wherein the oxidation number of the said metal is +6. WBJEE '84] 


15. State with equations what happens when— 


i) Steam is passed over red hot iron filings. [WBJEE '84] 
(ii) An iron knife is dipped into copper sulphate solution. [W.B.H.S. '84] 
iii) Hydrogen sulphide is passed through ferric chloride solution. 

(iv) Ferrous sulphate crystal is heated strongly. [W.B.H.S. '84] 


v) Concentrated sulphuric acid is slowly added to a cold mixture of sodium nitrate and ferrous sulphate 
[W.B.H.S. '88] 


solution. 
(vi) Sodium carbonate solution is added to ferric chloride solution. [WBJEE '92, '82] 
vii) An aqueous solution of caustic soda is added to an aqueous solution of ferrous sulphate in complete 
absence of air. The resultant compounds are then kept in contact with air. [W.B.H.S. '90] 
ix) SO; gas is passed through a solution of ferrous chloride containing conc. НСІ. [WBJEE '93] 


x) Ferric oxide is fused with sodium carbonate and the product is treated with water. 
[WBJEE '96, '94] 
(xi) Nitric oxide is passed into ferrous sulphate solution. 

(xii) Ferrous sulphate solution is boiled with conc. H2SO4. 

(xiii) Iron powder is added to ferric chloride solution containing dil H2504. 

(xiv) Ferrous chloride solution is saturated with chlorine. 

(xv). Ferrous sulphate solution is left exposed to air. 

(xvi) A mixture of FeO; and Al powder is heated to high temperature. [W.B.H.S. ‘82, (T) '83] 
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(xvii) Iron is strongly heated with diamond. [H.S.(T] '79] 
(xviii) Magnesium powder is added to ferric chloride soln. 
(xix) Stannous chloride solution is added to ferric chloride soln. 
(xx) Ferrous sulphate solution is added to silver nitrate solution and the mixture is heated. 
(xxi) Excess of NH,Cl is added to ferric sulphate soln and then NH,OH is added to it. 
(xxii) CO is passed over heated iron. 
(xxiii) Aqueous soln. of ferric sulphate and potasium iodide are mixed. [WBJEE '96] 
16. How are the following substances prepared ? Give two uses of each. 
(a) Green vitriol [H.S.’88). (b) Anhydrous ferric chloride. (c) Ferric oxide. (d) Ferrous hydroxide 
[H.S. ’83]. (e) Jeweller’s rouge. (f) Anhydrous ferrous chloride from iron [JEE 89]. (g) Mohr's salt or ferrous 
ammonium sulphate [H.5.(T) 84]. 
17. Write down the equations for the reactions by which the following conversions can be realised. 
(a) FeO > Fe = FeCl, (anhydrous) 4 Fe(OH), — FelOH); — _Fe203. 
(b) FeSO, Ре;О;—› Fe > Fe3O4. [WBJEE ’90] 
18. What are transition elements 2 Make a list of the unique properties of transition elements. 
19. (a) Starting from ferrous sulphate how would you prepare— (i) metallic iron, (ii) hydrated ferric chloride, 
(iii) ferric oxide, (iv) anhydrous ferric chloride, (у) ferric hydroxide, (vi) ferric sulpahte. 
(b) Starting from iron pyrites how would you prepare green vitriol ? [A.LH.S. '88] 
(c) Starting from ferrous oxide how would you prepare— (i) ferric oxide, (ii) ferrous nitrate, (iii) Mohr's 
salt, (iv) ferric sulphate. 
(d) Starting from iron how would you prepare— (i) ferrous sulphate, (ii) anhydrous ferric chloride 
[WBIJEE 89], (iii) ferric oxide 2 
20. Give balanced equations, what happens when : 
(i) Iron reacts with cold dilute nitric acid. [L.LT. *90] 
(ii) Ferric chloride solution is treated with sodium thiosulphate solution. 
(iii) Ferric oxide is heated with carbon monoxide. 
(iv) Ferric sulphate is treated with acidified potassium dichromate solution. 
(v) Haematite is heated with phosphorus in presence of lime stone. 
[Hints : 10Fe;O; + 12Р = 20 Fe + 3P/Oio ; РО +.6СаО = 2Cas(POJ); (slog)] 
(vi) Green vitriol is heated with acidified KMnO, solution. [Roorkee Eng. '90] 
21. (a) How will you separate ferric hydroxide from a mixture of Al(OH); and Fe(OH)? 
(Ы! How will you distinguish a ferrous salt from a ferric salt 2 
(c) How will you prove that ferrous sulphate contains iron and sulphur ? 
(d) How will you convert ferric chloride to ferrous chloride and vice versa. 
22. Mention chemical reactions to distinguish between (a) Ferrous chloride and ferric chloride, (b) ferrous 
oxide and ferroso ferric oxide, (c) ferrous sulphate and ferrous nitrate. 
23. Explain why : 
(i) tron pyrites is not directly smelted in the blast furnace to produce pig iron. IWBJEE '96] 
(ii) Lime stone is added in the blast furnace for the extraction of iron. 
(iii) Iron vessel can not be used for storing CuSO, solution. 
(iv) Iron dissolves in dilute HNO; but does not dissolve in conc. HNO3. 
(v). The blue colour of CuSO, solution gets discharged when iron filings are added to it. 
(vi) Perfectly dry air is passed through the blast furnace during the extraction of iron. [W.B.H.S. '89] 
(vii) Presence of zinc in iron hinders corrosion. [WBJEE '85] 
(viii) In the basic Bessemer process, the spiegeleisen is added after the removal of ће slag. 
(ix) Impure iron is more readily affected by the atmosphere than the pure metals. 
(x) In minor cuts ferric chloride is used. 
(xi) Ferrous chloride can not be prepared by passing chlorine over heated iron. IW.B.H.S. '89] 
(xii) An aqueous solution of ferric chloride is acidic. [W.B.H.S. '95] 
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(xiii) Ferric carbonate salt is unknown. 
(xiv) Ferric chloride is a normal salt but its aqueous solution is acidic. 
(xv) Steel can not be prepared in the blast furnace. 
(xvi) Cast iron or pig iron is not pure iron. 
(xvii) During the roasting of iron ore, the FeO produced, should be oxidised to ferric oxide. 
(xviii) Lime stone is added to the roasted iron ore before its smelting. 


(xix) Fe is more stable than Fe?*. [Roorkee Eng '87] 
[Hints : Fe?* has half filled 3d orbital whereas Fe?* has 34 i.e., not half filled] 
(xx) An aqueous solution of ferric chloride gives a brown precipitate on standing. [LLT. *80] 


(xxi) In the manufacture of steel by basic Bessemer process, the Bessemer converter is lined inside with 
magnesia, 
(xxii) Galvanised iron sheets are more durable than tin plated iron sheets. 


(xxiii) Mohr's salt is a double salt, but potassium ferrocyanide is not a double salt, [WBJEE '96] 
(xxiv) A basic flux is used in the extraction of iron whereas in the extraction of Cu an acid flux is used. 
[WBJEE '96] 


23. Compound (A) is a greenish crystalline salt which gives the following results— 
(i) Addition of Васі, soln. to an aqueous solution of (A) results in the formation of white precipitate, 
(B) which is insoluble in dil. HCl. (ii) On heating (A) gives water vapour and two oxides of sulphur, (С) and 
(D) leaving a reddish brown residue, (Е). (iii) (E) dissolves in conc. HCI to give yellow solution (Е). (iv) With H2S, 
the solution (Е) yields a yellowish white ppt (б) which on filtration leaves a greenish filtrate (H). Identify (A) to (H). 
[LLT. ‘78, Roorkee '86] 
[Ans. (A) = FeSO,, 7H;O, (В) = BaSO, (С) = SO; (D) = SO; (E) = Fe;O: (Р) FeCl; (G) = S (Н) FeCl, 
24. (a) A hydrated metallic salt (A) light green in colour, on careful heating gives a white anhydrous residue. 
(B) Aqueous solution of (B) reacts with NO to give a dark brown compound. (C) On strong heating, (B) decomposes 
to give a brown residue (0) and two gases, (E) and (Р). The gaseous mixture decolourises acidified KMnO; soln. 
and gives white precipitate with BaClz. Identify (A) to (Р). ТИЛ. *88] 
[Ans. (A) = FeSO,, 7H;O, (B) = FeSO, (C) = [Fe(H/O)4NOJ]SO, (D) = FezO; (E) SO: (Р) = SOs. 
(b) Haemoglobin was found to contain 0' 335 % iron (At. wt. of Fe = 56). The molecular weight of haemo- 
globin is 1°67 x 104. Find the number of Fe atoms in haemoglobin. [Ans. 1] [WBJEE '96] 


25. Name the metal(s) present in—(a) galena, (b) sylvine (c) bronze, (d) stainless steel, (e) monel metal, (f) 
calamine, (g) Duralumin, (h) gypsum, (i) type metal, (i) Bronze. 
€ Objective type questions : 

1. Among the various alternatives given below each sub questions, select the correct one (s). 

(i). In the metallurgy of iron, when limestone is added to the blast furnace, ће Ca** ion ends up in 

(a) slag, (b) gangue; (c) metallic calcium; (d) calcium carbonate. [Ans. (а) [1.1.T. *82] 

(ii) Rusting of iron in moist dir involves 3 

(a) loss ofelectroms by iron, (b) gain of electrons by iron, (c) neither gain пог loss of electrons, (d) а 


of iron. Ans. (a)] 

(iii) Purest form of iron is 

(a) wrought iron, (b) steel, (c) stain less steel, (d) cast iron. [Ans. (a)] 
(iv) The rusting of iron is catalysed by which of the following? 

(о) Zn, (b) Fe, (c) О„ (d) Н". [Ans. (d)] [MLNR "90] 
(v) Iron is rendered passive by treatment with concentrated 

(a) H,SO,, (bl H,PO,, (d) HCI, (d) HNO, [Ans. (d)] [L17. 82] 
(vi) Which of the following oxides of nitrogen combines with Fe (Il) ions to form a dark brown complex? 

lo) NO, (b) NO, (d NO,, (d) N,O,. [Ans. [b]] 
(vii) Ferric sulphate on heating gives 

(a) SO, and SO,, (b) SO, only, (c) SO, only, (d) S. [Ans. (b)] 


(viii) Ferrous sulphate on strong heating gives 
(a) SO, (b) 50, (9 SO, and SO,, (d) H,SO,. [Ans. (c]] 
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(ix) Mohr's salt is 
(a) an acid salt, (b) normal salt, (c) basic salt, (d) double salt. 3 [Ans. (d)] 
(x) When the cast iron which is used to prepare steel by hearth process has no phosphorus but has 
manganese as one of the impurities, the furnace should have a lining of 


(a) magnesia, (b) silica, (с) lime and magnesia, (d) lime. [Ans. (b)] 
(xi) Which one has the minimum carbon percentage? 

(a) steel, (b) wrought iron, (c) cast iron, (d) hard steel. [Ans. (b)] 
(xii) “Stainless steel contains 

(a) Fe + Cu + Cr, (b) Ре + Ni + Cu, (с) Fe + Ni + C, (d) Fe + Cr+ Ni. [Ans. (d)] 


(xiii) An aqueous solution of FeSO, AL (SO), and chrome alum is heated with excess of Na,O, and filtered. 
The materials obtained are :- 


(a) a colourless filtrate and a green residue, (b) a yellow filtrate and a green residue, (c) a yellow filtrate 
and a brown residue, (d) a green filtrate and a brown residue. [Ans. (c)] [1.1.T. '96] 
2. Fillin the blanks : 


(i) In Һе basic Bessemer process for the manvfacture of steel the lining of the converter is made of 


The slag formed consists of . [Ans. magnesia/dolomite; phosphate, silicate] ПАТ. *80] 
(ii) Galvanised iron has a coating of . [Ans. zinc] А.Т. '83] 
(iii) Dilute HCl oxidises metallic iron to . [Ans. Fe**] ШАТ. 83] 


(iv) iron can be welded easily. [ Ans. cast/wrought] 

(М A transition metal is an element with incomplete . [Ans. "Ф orbital] 

© Prove that (i) Glauber salt contains sulphur and, (ii) а metal nitrate contains nitrogen, (iii) lime stone 
contains carbon. 

Ans. (а) Glauber salt is mixed with coke and the mixture is heated on a charcoal block in a reducing flame. 
The residue thus obtained is treated with dil HCl when a gas having a smell of rotten egg evolves. The evolved 
gas is passed through chlorine water when a yellow precipitate is obtained. This yellow precipitate is found to be 
soluble in carbon di sulphide and when it is burnt in air a pungent smelling gas evolves. This gas is passed through 
acidified KjCr;O; solution—the orange colour of the solution turns green. This proves that the yellow precipitate 
is sulphur and this sulphur has come from Glauber salt: 


Reaction. NaSO, + 4С —у—> NaS + 4CO T 


NaS + 2HCl = 2NaCl + HS 
HS + Cl; = 2HCl +S 4 


llow 
oo Se 
K;CrO; + 350, + H;SO, = К;$О, + Сг(50.), + HO 
orange green 


b) Excepting nitrates of alkali metals, the other nitrates of metals on being heated strongly evolves a brown 
gas. This gas is passed over heated copper turnings when a colourless gas is obtained. This gas is passed over 
heated Mg when а white residue is obtained. This white residue on being treated with boiling water evolves 
ammonia. Thus it is proved that the white residue is magnesium nitride which is produced by the action of the 
colourless gas on heated Mg. So the colourless gas is №. This Nz has come from the metal nitrate. 

Let M is the metal which is bivalent. 

2M(NO;)2 = 2MO + 4NO; + О; 
чы 
2NO,+4Cu mis N; + 4ACuO 
Us Qut 
М» + 3Mg = Моз 
MgaN + 6ЊО = 3MglOH), + 2NH; 7 


(c) Lime stone i.e., calcium carbonate is heated strongly when Ена and odourless gas evolves. This 
gas is passed through lime water and the lime water turns milky. But when this gas is passed through acidified 
К›Сг;О; solution, it does not turn orange to green. So it is proved that the gas is CO,. It contains carbon and this 
C has соте from carbonate salt. 


Ans. CaCO; = СаО + CO,T, Са(ОН), + CO; = CaCO; 1 + H;O. 
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1.1. Introduction. 


Millions of years ago, the introduction of organic matters took place at the very moment 
when the plants and fishes first made their appearances on the earth. A number of substances 
from plants and animals have been used by man in the form of food, drinks, medicines and other 
useful purposes. For example, starch, wheat, vinegar, vegetable oils, animal fats and many 
organic dyes were used by ancient people. All these substances were isolated directly or 
indirectly from living plants and animals. These substances were called organic compounds 
with a view to distinguishing them from those substances obtained from non living sourcesi.e., 
inanimate minerals. Berzelius was the first to introduce the term ‘organic substance’ to describe 
the substances obtained from living organisms. 

Although the isolation of many organic substances and their uses were known to the ancient 
people, but a very little progress in the chemistry of these substances was made up to the 
beginning of eighteenth century. In 1 874 Lavoisier, by his investigation of combustion analysis 
of alarge number of organic compounds, successfully proved that all of them contained carbon 
and hydrogen. In addition to these two elements, a large number of organic compounds were 
found to contain oxygen and some of them contained nitrogen, sulphur, halogens and 
phosphorus. 

The production of large number of organic compounds by the chemical combination of a 
selected few elements, the occurrence of organic compounds in the living world as the products 
of life-processes and that the organic compounds known by that time, could not be synthesised 
in the laboratory by the then chemists— all these facts made Berzelius and the other leading 
scientists of that time to conclude, that the chemistry of living niatters was fundamentally 
different from the chemistry of inanimate matters and that only the living organisms could 
synthesize these organic substances under the influence of special vital force without which 
compounds of this type could not be prepared artificially in the laboratory. This vital force was 
beyond the human control and was inherent only in the living organisms. 

But this ‘vital force’ theory got a fatal blow in 1828 when Friedrich Wohlar artificially 
prepared urea in the laboratory whichis atypical organic substance found in the urine of human 
and animals. Wohlar prepared urea simply by heating an inorganic compound ammonium 
cyanate. 


NH; 
NH,CNO Êz ос 
Ammonium cyanate Urea NH2 


After this, in 1844 Kolbe was successful in preparing acetic acid from its constituents. It was 
followed by the synthesis of many other organic compounds. Consequently the vital force 
theory lost its ground and it was proved that no life process was needed for the formation of 
organic compounds. It is now proved that the formation of both types of compounds is governed 
by the same laws of chemical combinations. 

With the disapproval of vital force theory, the terms ‘organic’ and ‘inorganic’ have lost 
their original meaning, but still they have been retained for the convenience to classify a group 
of compounds having some characteristics in common. All the organic compounds contain 
earbon as the main constituent. Consequently organic chemistry is defined as the chemistry of 
compounds containing carbon and hydrogen (hydro carbon) and their derivatives. It is to be 
noted, that there are some compounds which contain carbon, but they are studied as a part of 
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the inorganic chemistry. This is because of their extensive occurrence in the mineral world and 
to exhibit the relation of carbons with the other elements of the periodic table. These are, carbon 
monoxide, carbon dioxide, metallic carbonates and bicarbonates, carbides, metallic cyanides 
and thiocyanates. 


1.2. Characteristics of organic compounds— differences between organic 
and inorganic compounds. 

1. Constituents : All the organic compounds contain carbon and hydrogen as the common 
constituents. In addition to carbon, they may contain only a few number of elements e.g., 
oxygen, nitrogen, halogens, sulphur and phosphorus. On the other hand, the inorganic 
compounds contain the rest of 105 elements in addition to carbon. 

2. Catenation : Carbon atom has a peculiar property to combine with other carbon atom 
or atoms by covalent bond resulting in the formation of a vast number of stable carbon 
compounds. This unique property of carbon atom to combine with itselfis known as catenation, 
which is attributed to the small size of carbon atom coupled with high strength of C-C single 
bonds and C-C multiple bonds. This self linking property of carbon gives rise to form organic 
compounds with straight chain or branched chain or ring structure. 

The other elements do not exhibit catenation property to such a large extent-and so the 
number of compounds formed by the rest 105 elements is not so large. 

3. Complexity of molecules : Due to catenation property, the carbon atoms can form carbon 
chains of varying lengths and shapes— straight, branched or ring. As a result, a large number 
of carbon atoms combine together to form complex molecules. Due to the complexity of 
Structure of some organic molecules, they have high molecular weights. As for example, the 
molecular weights of proteins range from several thousands to more than a million. The 
structures of inorganic compounds are mostly simple. 

4. Melting and boiling points : The organic compounds in general are covalent. 
Consequently, with a few exceptions, most of the organic compounds are volatile and 
combustible. The melting and boiling points of organic compounds are, in general, low. 

Basically being ionic or dipolar in nature, the inorganic compounds have high melting and 
boiling points than those of organic compounds. 

5. Solubility : The organic compounds are basically covalent in nature and so they are 
readily soluble in organic solvents but less soluble in polar solvents like water. 

The inorganic compounds are ionic or dipolar in nature and so they are generally soluble 
in polar solvents like water. 

6. Isomerism : Because of the catenation property of carbon atom, a single formula can 
represent two or more organic compounds having different properties and structures, This 
phenomenon is most common in organic chemistry and is known as isomerism. Thus, the 
formula СНО represents both ethyl alcohol and dimethyl ether. 

Isomerism is not exhibited by simple inorganic compounds. Inorganic complexes however 
exhibit isomerism in some cases. 

7. Thermal stability : Organic compounds with a few exceptions, are thermally unstable 
and easily combustible. They decompose at higher temperatures. The inorganic compounds on 
the other hand can stand much higher temperatures. 


8. Rate of reactions : As the organic compounds are basically covalent in nature, they are 
not ionised and consequently the organic reactions take place slowly. As the organic reactions 
are reversible they never proceed to completioni.e., the yield of the productseldom approaches 
the theoretically possible amount. The majority of the inorganic compounds are electrovalent 
and so they are ionised either in solution or in fused state. So most of the reactions of inorganic 
compounds are very fast and instantaneous. 
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9. Homologous series : Organic compounds can be classed into a number of families 
and the members belonging to the same family exhibit similar chemical properties e.g., 
alcohols, aldehydes, ketones etc. All alcohols or aldehydes react more or less in a similar 
manner. 

Inorganic compounds сап not beclassed into any such families. Thus all inorganic sulphates 
do not exhibit similar chemical properties. 

10. Polymerisation : Organic molecules, under suitable conditions may be made to 
combine with one another to form new compounds having the same empirical formula whose 
molecular weight is a multiple of that of the parent substance. 

This phenomenon is not generally exhibited by inorganic compounds. 

11. Since inorganic compounds are made up of ions most of them are good conductors of 
electricity either is aqueous solution or in fused state, but organic compounds exist as discrete 
molecule (except a few). Hence organic compounds are either non-conductor or very poor 
conductor of electricity. 

12. Inorganic compounds are either diamagnetic or para magnetic, but all stable organic 
compounds are diamagnetic. 

13. One significant difference between organic and inorganic compound is that, organic 
reactions are never quantitative while inorganic reactions follow exact quantitative relationship 
which forms the basis of methods of quantitative analysis. 


1.3. The nature of valency of carbon atom and the structure of organic 
compounds. 

The main constituent of organic compounds is carbon. · The 
atomic number of carbon is 6 and the electronic configuration of 
carbon atom is 1s? 2s? 2p? i.e., it contains 4 electrons in the 
outermost valence shell. Consequently it is not possible for a 
carbon atom to form ionic bonds by losing or gaining 4 electrons. 
The only way to acquire a stable octet is to share its 4 electrons of 
the valence shell with those of the atoms of other elements. As a 
result, carbon combines with other elements by covalent bonds. Fig. 1.1: 


1. Kekule's theory on the structure of carbon compounds— constant tetravalency 
of carbon. 

In 1858, Kekule a German chemist announced that, carbon exhibits the same and constant 
valency of four in all simple and complex organic compounds. 


The structures of organic compounds were clearly explained by Kekule's theory of carbon 
linkage. According to his theory, a carbon atom is joined to other atoms by four covalent bonds 


which are expressed as dashes ‘—’; e.g., —C—. 

(i) Thus carbon has four bonds and hydrogen or chlorine being monovalent has one bond 
each. So a single carbon atom can join with 4 hydrogen atoms to form methane molecule and 
with 4 chlorine atoms to form carbon tetra chloride. 


CI 
| | 1 
-C-*4 CH) 2 HCH, -Ç= +4 (CI) > CI-C-CI 
H Ci 
Methane Carbon tetra chloride 


(ii) When two or more carbon atoms are joined with each other by using one bond of each, 
the unused valencies of each carbon atom are further joined with hydrogen atoms to form 
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different hydrocarbons e.g., two carbon atoms combine. with 6 H-atoms to form ethane 
molecule. In the similar process propane or butane molecule is formed. 


Lii dbi TT 
ee +6(-H) > H-C-C-H, CCC +8(-H) > H-C-C-C-H 

H H HHH 

Ethane Propane 


(iii) When two or more carbon atoms are joined with each other by using two bonds of 
each, the unused valencies of each carbon atom are further joined with hydrogen or anotnei 
carbon atom to form different hydrocarbon molecules e.g., in propylene, two carbon atoms 
are joined with each other by double bonds and the unused valencies of three carbon combine 
with 6 hydrogen and one carbon atom. 


H 

ї 
-C-C-C-«6-H) > H-C=C-C-H 
HHH 

Propylene 


One carbon atom can use two of its bonds at a time to join with one atom of divalent 
atom like oxygen. Thus one atom of carbon joins with two atoms of oxygen to form carbon 
dioxide molecule. 

О=С=0 


(iv) When two carbon atoms are joined to each-other by using three bonds of each, the 
unused bonds of each carbon is further joined to 2 atoms of hydrogen to form acetylene 


y day ca -C2C-42(H) > H-C=C-H 
Acetylene 
Carbon atom can also use three of its bonds at a time to join with one atom of a trivalent 
atom like nitrogen. Thus in hydrogen cyanide molecule, one carbon atom is bonded with 
one H atom by a single bond and to a nitrogen atom by triple bonds. 
H-C=N. 


(v) Kekule also assumed that the carbon atoms have unlimited power to combine among 


themselves to form— (a) open chain, which might be straight chain or’ branched chain 
(b) closed chain or ring as shown below : 


Т ША Kal C 
LE 2 Goan 
Open straight chain ШУТ си. 

Branched chain | 
Closed chain 

or ring 


In cyclic compounds, 3 or more carbon atoms may be linked to one another by single bonds 
only e.g., cyclo butane. 
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In benzene molecule, 6 carbon atoms form а ring and each C-atom is joined with one 
hydrogen atom. Each carbon atom of the benzene ring is bonded with one of its adjacent carbon 
atom by a single bond and with the other by a double bond. і.е., alternate single and double 
bonds are present in the ring. 


2. Van't Hoff and Le Bel's theory— Tetrahedral space model of carbon atom. 


According to Kekule, the four valencies of a carbon atom were thought to lie in plane and 
the angle between any two valencies of a carbon atom was 90°. Thus according to Kekule, the 
molecular structures of organic compounds were two dimensional. Though this planar model 
of carbon atom was able to explain the structures and properties of many organic compounds, 
but later on it was found that this concept of planar model of carbon atom could not give any 
satisfactory explanations for some of the properties, such as isomerism, conformation etc., 
exhibited by some organic compounds. 

In order to explain these characteristic properties, the three dimensional structure of 
carbon atom was introduced by Van't Hoff and Le Bel. In 1874, both Van't Hoff and Le Bel 
independantly introduced the tetra- 
hedral space model of carbon atom. 
According to Van't Hoff and Le 
Bel's theory— (i) The four valencies 
of a carbon atom do not lie in a plane. 
(ii) The four valencies of a carbon 
atom are directed towards the 4 
corners of an imaginary regular 
tetrahedron, at the centre of which А 
the carbon atom is situated. (iii) The Fig. 1.2 : Tetrahedral model of valency of carbon 
normal angle between any two valencies of a carbon atom is 109°28'. 

This tetrahedral structure of a carbon atom has been established by recent physical 
methods such as electron diffraction, spectroscopy and X-ray diffraction. 


ө The structures of different types of organic compounds according to 
the idea of tetra-hedral model of carbon atom. 

1. The structure of a carbon compound according to the tetrahedral model when the 
carbon atom combines with other atoms by single bond. 

(i) Methane : In methane a carbon atom combines with 4 hydrogen atoms to form methane | 
molecule (CH4). In this molecule there are 4 covalent bonds (С-Н). The shape of the molecule 
is three dimensional and is like regular tetrahedron, at the centre of which the carbon atom is 
situated. The 4(C-H) bonds are directed towards the 4 corners and the 4 hydrogen atoms are 


(СЫ 
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situated at each vertex of the tetrahedron. C-H bond length — 109 À.In methane molecule the 


bond angle H-C-H = 109?28'. 


(ii) When the 4 hydrogen atoms are replaced by 
similar monovalent atoms, the shape of the new 
molecule thus formed is like regular tetrahedron and 
each of the bond angles becomes 109°28' but the 
bond length becomes greater than that of C-H bond. 
As for example, in carbon tetrachloride (CCl4), the 
shape of the molecule is regular tetrahedron, the 
bond angle CI-C-Cl = 109°28' but the bond length 


Fig. 1.3 : Tetrahedral structure C-Cl = radius of C atom + radius of Cl atom = (077 + 
of methane 0:99) = 176 A. 

(iii) When a carbon atom is linked with 4 different monovalent atoms, the shape of the 
new molecule thus produced will be a tetrahedron but nota regular tetrahedron. Consequently 
the bond lengths and bond angles will be different. As for example, in chloroform (CHCl) 
molecule the C-H bond length is 1°09 A but C-CI bond length is 176 A. As a result the bond 
angle C-C-Cl becomes 111° and CI-C-H becomes 108°. 


(iv) Formation of C-C single bond in the light of tetrahedral model— Ethane 


molecule. 


In the molecule of ethane, two carbon 
atoms are bonded by using one bond of each 
C-atom and the other three bonds of each 
C-atom are bonded to three H-atoms. In the 
light of tetrahedral model of ethane, the C-C 
single bond is assumed to be formed by joining 
the two corners (one of each) of two carbon 
tetrahedra. Under this new arrangement the 
tetrahedral shape of each C-atom remains 
unaltered and one corner of a carbon tetra- 
hedron is connected with that of the other to 
form C-C single bond. Each of the 6 free 
corners of the two tetrahedra remains attached 
to one hydrogen atom. 

Inethane molecule the C-C bond distanceis 
1.54 А and the bond angles H-C-H = 
C-C-H = 109?28'. The C-C bond energy in 
ethane = 83 k cal mole”. 


H 
v M / 
= o А 0 


1.074 l @ x (m 


H H 
Fig. 1.4 : Bond lengths and bond angles in ethane 


In propane or butane, the C atoms are linked to each other in the same way as in ethane. 


Fig. 1.5 : Tetrahedral structure of ethane 


e p 
«бө. 


Fig. 1.6 : Tetrahedral structure of propane 


[The amount of energy released in the formation of bond between two atoms, is known as 


the bond energy]. 
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2. The structure of carbon compound in the light of tetrahedral model, when a carbon 
atom is linked to the other carbon atom by double bond. 

In ethylene molecule, two carbon atoms are bonded by using two bonds of each C-atom 
and the other two bonds of each C-atom are bonded to 2 hydrogen atoms. In the light of 
tetrahedral model of 
ethylene, the С=С 
bondis assumed to be 
formed by joining of 
the two edges of two 
of each carbon tetra 
hedra. Under these 
circumstances, the 
two bonds formed by Fig. 1.7 
the combination of four valencies (the two valencies of each carbon atom) get twisted 
causing the two carbon atoms involved in this process, to come closer to each other. As a 

Б result, the С-Н bond distance 
remains same i.e., 1'09 A but 
С=С bond distance becomes less 
than that of C-C bond. The С=С 
bond distance is about 1:34 A, 
The bond angles H-C-H = H-C-C 

nd : = 120°. The C=C bond energy 
Fig. 1.8 = 145'8 k cal mole”. 


3. Formation of C=C triple bond in the light of tetrahedral model. 


Inacetylene two carbon atoms are bonded to each other by using three bonds of each C atom 
and the other one bond of each C-atom is bonded to one hydrogen atom. 


In the light of tetrahedral model of acetylene, the 
carbon-carbon triple bond assumed tò be formed by the 
combination of two triangular planes of each of the two 
carbon tetrahedra. In such condition the two C-atoms 
try to retain their tetrahedral structure but dué to the 
combination of 6 valencies (the 3 valencies of each 
C-atom) get twisted causing thetwo carbonatomsinvolved Fig. 1.9 : Tetrahedral model of 
to come closer to each other. Under these circumstances, acetylene { 
the two carbon atoms remain under a greater strain. The C = C bond distance is found to be 
120 A which is further less than the C=C bond length. The two Н and 2 carbon atoms lie in 


Fig. 1.10 : Tetrahedral structure of acetylene 
one straight line. Thus the molecule of acetylene is linear. The bond angle H-C-C = 180° 
C=C bond energy = 1446 k cal mole 
ө The defects of Van’t Hoff and Le Bel’s tetrahedral model of the 
valencies of carbon atom : : 
Though the tetrahedral structure of carbon atom could explain some of the characteristic 
properties of organic compounds, such as its shape and structure, isomerism exhibited by 


CH-II/36 
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organic compounds and some other physical and chemical properties, but it failed to give 
satisfactory explanation of the following questions : 
(i) The causes of the quadrivalency of carbon atom. 
180° 180° m H " 
ОА ГУМ (ii) Why the double and triple bonded organic 
Ur ECL eH compounds are very active and unstable. 


IB (iii) Why the four valencies of carbon atom are 
Fig. 1.11 : Bond length & Bond angles in directed towards the four corners of a regular 
acetylene tetrahedron. 


1.4. Modern concept of valency of carbon atom in organic compounds. 

The works of three scientists— de Broglie (1924), Heisenberg (1926) and Schrodinger 
(1927) brought a revolution in the study of the nature of electrons. According to de Broglie, the 
moving electrons have both the property of particles as well as wave property. According to 

. Heisenberg's uncertainty principle, the electrons are moving with a great speed towards the 
nucleus and away from it in all possible directions. The blades of a rapidly moving fan appear 
to occupy the entire circular space. Similarly electrons moving with a great speed around the 
nucleus would give an appearance of a diffused spherical cloud of negative charge called 
electron cloud in three dimensional space around the nucleus. Under these circumstances, it is 
not possible to determine precisely and simultaneously the exact position and momentum of a 
electron. Though the electron may be found anywhere around the nucleus, the probability of 
finding it in a particular three dimensional space around the nucleus is maximum. This 
probability of distribution of electrons in three dimensional space around the nucleus is called 
orbital. 

An orbital is the region in space around the nucleus where the probability of finding an 
electron is maximum. 

The probability picture about the distribution of electrons in an atom became more clear 
when Schrodinger brought forward his wave equation of electrons. From this equation, it has 
been possible to know the quantum number of an electron moving in an orbit, the shape and 
size of the orbital and the distribution of electron cloud in the orbital. 

Thus, the wave mechanics of electrons is now able to give the correct and justified 
explanations of those properties of organic compounds which could not be explained by Van't 
Hoff and Le Bel's theory. 

Electrons having the same quantum number are said to occupy a shell which is further 
divided into subshells. Each subshell is jc up of one or more orbitals which are the actual 
seats of electrons. 

The first shell К (п = 1) has only one subshell which is designated as 1s. The number of 
orbital in this subshell = 1? = 

The second shell L (n = 1) has two subshells which are designated as 2s and 2p. 2s subshell 
pis made up of one and 2p subsheli has 3 orbitals i.e., the total number of orbitals in L shell is 
2! 24, 

The third shell M (n = 3) has three subshells which are designated as 35, 3p and 3d. 35 
subshell has one orbital, 3p has three and 3d subshell has five orbitals i.e., the total number of 
orbitals in third shell = 3? = 9. 

€ Shapes and orientation of orbitals : 


The orbitals have definite three-dimensional shapes. The shape and size of an electron- 
orbital depend upon its principal quantum number and subshell. The size of the orbital 
increases with the increase of number of principal quantum number. 
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(i) Shape of s orbitals : The shape of all s orbitals is spherical surrounding the nucleus. 
There is an equal probability of finding electron in any direction away from the nucleus. 
The size of 2s orbital is greater than that of 1s orbital but less than 3s orbital. The elec- 
tron in 2s orbital is further away from the nucleus and has greater energy than that of 
1з orbital. 


Fig. 1.12 : Shape of 15 orbital Fig. 1.13 : Shape of 1s and 2s orbital 


(ii) Shapes and orientations of ‘p’ orbitals : A p-sub shell consists of three p orbitals of 
equal energy. A p-orbital is dumble-shaped. Yt has two lobes which are located on opposite sides 


Fig. 1.14 


of the nucleus and are directed along a particular axis. These three p orbitals have different 
orientations in the space and are directed along the three coordinate axes making an angle of 
90? to each other. Out of the three p orbitals, the one which is directed towards the X-axis, is 
designated as р,, which is directed towards the Y-axis is known as p, and the one which is 
directed towards the Z-axis is known as p; orbital. Each orbital can not accomodate more than 
2 electrons. The two electrons must have opposite spin. 


ө Modern concept of covalent bond formation— overlapping of 
atomic orbitals : ў 

The electronic theory of covalent bonding explains the formation of covalent bond between 
two atoms by mutual sharing of a pair of electrons with opposite spins. The molecule thus 
formed becomes stable as each atom of the molecule attains an electronic configuration like that 
of its nearest inert gas. However, this concept failed to answer the following questions— 

(i) The negatively charged shared pair of electrons would repel each other when they are 
confined in between two atoms forming the covalent bond. Then how does sharing of electrons 
can form a stable molecule ? 

(ii) According to Heisenberg’s uncertainity principle, the accurate position and momentum 
of an electron can not be determined simultaneously. Then how can one consider that the 
electrons are localised in between the two combining atoms ? 

(iii) This concept does not provide us with the shape of the newly formed molecule, bond 
length and bond energy. 
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The findings of Schrodinger's wave equation have unlocked the mystries of covalent 
bonding by.explaining the covalent bonding in a logical and qualitative method. The mutual 
sharing of electron pair in the formation of a covalent bond has now been explained in the light 
of quantum mechanics. 
According to modern concept, a covalent bond between two atoms is formed as a result of 
partial overlapping of orbital of one atom with the orbital of another atom, each of them 
containing one unpaired electron. Due to this overlapping, the two orbitals share the same 
region in space forming a new orbital which is known as molecular orbital. А molecular orbital 
can accomodate only two electrons. 
Thus for the formation of a covalent bond. 
(i) The two combining orbitals mist be half filled each with one unpaired electron. 
(ii) The two bonding orbitals must approach close to each other with their axes in proper 
alignment, so that an effective overlap of the orbitals may take place. 
(iii) The two electrons (one of each orbital) in the bonding orbital must have opposite spins. 
(iv) The two atomic orbitals in such case, menge to form a single bond orbital which is 
occupied by both the electrons. 

(v) A large part of the binding force of the covalent bond is produced by the electrostatic 
attraction between the nuclei and the accumulated electron-cloud between them. 

(vi) The strength of the covalent bond is proportional to the extent of overlapping of the 
orbitals. 


€ Types of covalent bonds : 

According to the modern concept of atomic orbital, two main types of Covalent bonds are 
set up due to the overlap of atomic orbitals of the two combining atoms. A strong or a weak bond 
may be obtained depending upon the extent of overlapping. 

1. Sigma (с) bond : When two atomic orbitals each containing one unpaired electron 
overlap along their axis; maximum overlap is possible. Hence the bond thus formed is a strong 
bond and the bond orbital is symmetrical about the line joining the two nuclei. 

The strong bond formed by end to end overlap of atomic orbitals of two combining atoms 
producing a bond orbital which is symmetrical about the line joining the two nuclei, is called 
sigma (O) bond. . 


(i) Formation of sigma bond due 
to the overlapping of two s orbitals 
or s-s overlapping : s-orbital is 
spherically symmetrical and so it 
can be overlapped by any orbital. 
When one s orbital of one atom is 


Fig. 1.15 
overlappd with that of the other, s-s covalent sigma bond is developed between the two atoms. 


As for example, in the formation of a hydrogen molecule the spherical 1s orbital of one H-atom 
overlaps with that of the other forming s-s covalent sigma bond. 


p orbital (sp) пина 
Fig. 1-16 


(ii) Formation of sigma bond due to the overlap of one s and one p orbital or s-p 
overlapping : When one s orbital of one atom is overlapped with one р orbital of the other along 
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their axes is 5-р sigma bond is formed between the two atoms. As for example, fh the formation 
of hydrogen chloride molecule, the spherical 1s orbital of one hydrogen atom overlaps with one 
Зр orbital (having unpaired electron) of chlorine atom forming s-p covalent sigma bond 
between hydrogen and chlorine atóm. 

(iii) Formation of sigma bond due to the overlap of two p orbitals : (p-p) ierat 
There are three p atomic orbitals p,.p, and р, perpendicular to each other. The shape and 


p, orbital p, orbital (рр) o bond 
Fig. 1.17 
orientation of p orbitals govern the possibility of their overlapping. When one р oribital of 
one atom is overlapped with one p-orbital of the other along their axes i.e., by end to end 
overlapping of two p-orbitals of two different combing atoms, (p-p) sigma bond is formed 
between them. 

2. Pi (1) bond : When one p orbital of one atom is overlapped with that of the other, which 
are at right angles to the plane containing the two nuclei, only lateral overlapping takes place. 
This type of lateral overlapping is only partial and the bond thus produced is a weak and 
unstable bond. 


p, orbital p, orbital (p=p)) x irs formation 


Fig. 1.18 

The bond formed by side to side overlapping of p orbitals is called pi bond (л bond). 

The electron cloud of pi bond is unsymmetrical and is concentrated above and below the 
plane containing the two nuclei. 

A double bond consists of a sigma bond and a pi bond. A triple bond consists of one sigma 
and two pi bonds. 

€ The concept of hybridization of orbitals of Pauling. Explanation for 
the tetrahedral arrangement of four valencies of carbon : 

The electronic configuration of carbon atom in its ground state is 1s? 2s? 2p} 2p, 2p?. 
Thus it is observed that in the valence shell of a carbon atom, there are only two unpaired 
electrons in the 2p orbital. Since the covalency exhibited by an atom depends upon the number 
of unpaired electrons in the valence shell, carbon should have a valency of two. However, it has 
been found that in almost all compounds of carbon, it is tetravalent. 
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To explain the tetravalency of carbon, it is assumed that during reaction, carbon atom 
absorbs energy which unpairs the paired electrons of 2s orbital and one electron from 2s orbital 
is promoted to the vacant 2p, orbital of the valence shell. Thus in excited state, the configuration 
of carbon atom becomes 1s? 2s! 2p! 2p; 2p]. At this state, it is found that there are 4 unpaired 
electrons in the valence shell of carbon atom— one in 2s orbital and three is 2p orbitals. Now 
if these 4 orbitals of carbon are overlapped with four 15! orbitals of 4 hydrogen atoms, four 
sigma bonds will be formed of which 3 bonds will be s-p sigma bond and the fourth one will 
be s-s sigma bond. Under these circumstances it appears that, the 4 С-Н bonds in methane 
(CH,) would not be identical, but in reality the four С-Н bonds in methane are found to be 

identical in length as well as in strength and symmetry. 

In order to explain this, the concept of hybridization of valence shell orbitals of carbon atom 
is introduced. In order to form four indentical bonds, the carbon atom must produce a set of four 
equivalent orbitals. Itis assumed that in the excited state, the four atomic orbitals of carbon atom 
i.e., 2s 2p, 2p, 2p, lose their individuality and get mixed or hybridised to produce four new 
identical orbitals. These new orbitals are called sp? (read sp three) hybrid orbitals or simply 
sp? orbitals since they are produced by the combination of one s and three p orbitals, Thus, 
hybridization is the process of rearrangement and modification of pure atomic orbitals, as a 
result of which they lose their individuality and get mixed to produce a set of new identical 
orbitals. It may beremembered that hybridisation is nota phenomenon but a process or concept 
to explain the bonding capacity of certain elements. 


The electronic configuration of carbon in its sp’ hybridisation state is 
1s? 2(sp?)! 2(sp)' 2(sp?)! 2(sp?)' 
valence shell 


The formation of four identical sp? hybrid orbitals of carbon atom formed by the mixing of 
pure atomic orbitals is shown in the given figure. 


Y 


f 


S 
3 
С 
\ 
2 o 


2s 
2s 
15 @ FT: 
15 
.. Carbon atom Carbon atom in Carbon atom in 
in its ground state excited state sp? hybridised state 


Fig. 1.19 


Each sp? orbital contains one electron. The four sp? hybrid orbitals are arranged in the 
space in sucha way that their axes are directed towards the four corners of an imaginary regular 
tetrahedron, at the centre of which the carbon atom is located. These orbitals subtend an angle 


of 109°28 with each other. An sp’ hybrid orbital is more stable than the pure atomic 
orbitals. 
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The tetrahedral arrangement of the four sp? orbitals is due to the tendency of the unpaired 
electrons of each sp? orbital to stay as far away from each other as possible to minimise the 


force of repulsion acting 
between them. 

Thus, whenever a 
carbon atom is bonded to 
four other monovalent 
atoms or groups it uses 
sp? hybrid orbitals. 

1. (i) sp? hybridization 
and bonding in methane : 

In methane molecule, 
one carbon atom is joined 
with four hydrogen atoms 
by single covalent bonds. 
The bonding in methane 
molecule and its geometry 
can be explained by apply- 
ing the concept of sp? hy- 
bridization of carbon atom 
in methane. 


2p, orbitol 


2p, orbital 2p, orbital 2s orbital 


ну ди 


The direction of 
Asp? hybrid orbitals 


Four sp? hybrid orbitals 


Fig. 1.20 


On hybridisation the carbon atom forms four equivalent sp? hybrid orbitals which 
overlap with four 1s orbitals of 4 hydrogen atoms with the formation of four equivalent 


Fig. 1.21: Structure of methane molecule 
atorn forms four sp? hybrid orbitals of which one sp? hybrid orbital is overlapped with one 
sp? orbital of the other carbon atom with the formation of a strong sigma bond between the 
two carbon atoms as C-C bond. The remaining sp? orbitals of each C-atom overlaps with 
1s orbital of three hydrogen atoms. Thus six H-atoms form six sigma bonds with the two 
carbon atoms. In ethane the bond angles H-C-H and C-C-H are 109°28'. C-C bond 


C-H bonds in methane. Since each 
one of the four sp? hybrid orbitals is 
directed towards the vertex of a 
regular tetrahedron with the carbon 
atom at the centre, the С-Н bonds 
thus formed are also directed towards 
the vertices of a regular tetrahedron 
with the carbon atom at the centre. 
All the C-H bonds in methane are 
sigma bonds and they are of same 
length. C-H bond distance = 1°09 A. 
The H-C-H bond angle = 109°28' 
and the C-H bond energy = 102 k cal 
mole". 


(ii) Bonding in ethane molecule : 


The ethane molecule is composed of 
two carbon atoms and six hydrogen 
atoms; On hybridisation, each carbon 
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length = 1°54 А and С-Н bond length = 1'09 A. The overlaps of hybrid orbitals are shown in 
the Fig: (1°22.). : 


Fig. 1.22 : Structure of ethane molecule 
2. sp? hybrid orbital and formation of ethylene molecule : 


A molecule of ethene is consisted of 2 carbon atoms and 4 hydrogen atoms. The bondings 
in ethene molecule and its geometry-can be explained by applying the concept of sp? 
hybridisation in the carbon atom in ethylene. : 


In the ground state the carbon atom has the following electronic configuration— 
C (in ground state) = 1s? 2s? 2p, 2p} 2p? 


? valence shell 
In excited state, the promotion of one of the 2s electrons to the empty р, orbital gives 
rise to the following configuration— 
C (in excited state) = 1s 2s! 2p} 2p! 2p} 


valence shell 


In the formation of ethene, the 2s! electron and only two of the three 2p orbitals are mixed 
to form three new equivalent orbitals which are known as sp’ hybrid orbitals. The р. orbital 
in this case is left unhybridized. Thus the carbon atom in its sp? hybridisation state gives rise 
to the following electronic configuration— 


valence shell 
The three sp? orbitals thus produced are identical and they lie in the same plane. Each one 


of the three sp? hybrid orbitals is directed towards the vertex of an equilateral triangle. 
Consequently they subtend an angle of 120° with each other. 
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The trigonal arrangement.of the three sp? orbitals is due to the tendency of the unpaired 
electrons of each sp? orbital to stay as far away from each other as possible to minimise the force 
of repulsion between them. The unhybridized р. orbital is perpendicular to the plane of sp? 
orbitals with each lobe above and below this plane. 

The process of formation of three equivalent sp? hybrid orbitals by carbon atom is 
expressed by the figure shown below. 


In ethylene molecule (HC = CH»), there are four С-Н single covalent bonds and one 
C-C double bond. Each carbon atom in ethylene has three sp? hybrid orbitals and one 
unhybridized 2p, orbital. 


2s orbital 2p, orbital 2p, orbital Formanon of three 
sp? hybridisation 
Fy. 1.24 

Each of the two sp? orbitals of each carbon atom overlaps with 15 orbital of one hydrogen atom 
and thus four sigma bonds are forméd between two carbon atoms and four hydrogen atoms. 

One bond of the double bond between the two C-atoms is formed by the overlapping of one 
sp? hybrid orbital of one carbon atom, with one sp? hybrid orbital of the othercarbon atom. Thus 
a sigma bond is formed between the two carbon atoms. 

The second bond of the double bond between the two carbon atoms is formed by the 
side-to-side overlapping of the two unhybridized 2p. orbitals, one from each atom. Thus a 
pi-bond is formed between 1 bond . опе half of x bond 


the two carbon atoms in tb 
ethylene. The elec-tron den- H 00 t E oU 
sity of the overlapped p; or- N WA digg р H p КА acr i 3 
bitals lies above and below CAIN uc ДАМ Ж-М 
the plane of the bonding н n) H i | 5t 
carbon atoms. Thus, though j bd & 
the C-C double bond in à P.2P, п bond Other half of x bond 
Two р, orbitals in ethylene Overlapping of two p, orbitals 

in ethylene molecule 


ethylene is expressed by two 
equal lines, one of them e 
expresses a sigma bond and the other pi-bond. Fig, 1.25 

The bond angles H-C-H = C-C-H = 120°. 

The С-Н bond length = 1'08 А and C-C bond 
length = 1.34 À. 

Thus on the whole, the ethylene molecule consists 
of five sigma bonds— four С-Н sigma, one C-C sigma 
bond and one pi bond. 

Five зр? sigma bonds in ethylene 3. sp hybrid orbital and the formation of acety- 
Fig. 1.26 lene molecule : 

A molecule of acetylene is composed of 2 carbon atoms and 2 hydrogen atoms. The bonding 

process in acetylene and its geometry can be explained by applying the concept of sp hybridisation. 
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In the ground state the carbon atom has the following electronic configuration— 
C (ground state) = 152 2s? 2р! 2pj 2p? 
valence shell 


In the excited state of carbon, one of the 2s electrons is promoted to empty р, orbital giving 
rise to the following electronic configuration— : 


C (in excited state) = 152 25! 2p! 2p} 2р} 
ee See 
valence shell 


During the formation of triple bond between the two carbon atoms as in acetylene, the 2s! 
orbital and only 2p! orbital of the three 2p orbitals are mixed together to form two new identical 


10 


Carbon atom Carbon atom Carbon atom in 
in ground state in excited state sp hybridised state 


Fig. 1.27 
orbitals. These two new orbitals are called sp hybrid orbitals. The other two 2p orbitals i.e., 
2py and 2p, orbitals in this case are left unhybridized. 


Thus the carbon atom in its sp hybridised state gives rise to the following configuration— 


mix 
i a 4 


С (sp Hybridised state) = 1s? | 2(5р)! 268р?)! 2p} 2p! 
с CRY 
valence shell 


The two sp orbitals thus formed are equivalent and lie in a straight line. Consequently, the 
angle between the two sp orbitals becomes 180°. The linear arrangement of the sp orbitals is 
due to the tendency of the unpaired electrons of each sp orbital to stay as far away from each 
other to minimise the force of repulsion acting between them. 


180° (s-sp) с bond 
„|з 


(р-р) с boi 


sp 
ر‎ 


sp з 4 2 
Two sp orbitals (13) Overlapping of orbitals in acetylene molecule (15) 


nd [ssp] с bond 
p 


Fig. 1.28 


А There are two unhybridised orbitals (p, and p.) which are at right angles to the line joining 
the nuclei of the two combining carbon atoms. В 
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In acetylene, (HC = CH) there are two C-H covalent bonds and one C-C triple bond. 
Now each carbon atom in acetylene has two sp hybrid orbitals and two unhybridised p orbitals, 
One sp orbital of each carbon atom overlaps with each 1s of one hydrogen atom to form 
2 sigma bonds between carbon and hydrogen atoms. Another sigma bond is formed between 
the two carbon atoms by the overlapping of one sp hybrid orbital of one carbon atom with one 


WV 
Ah 


2р, py Py Two x bonds in acetylene 


ҮШ 


7 


Fig. 1.29. 
sp hybrid orbital of the other carbon atom. The 2p, orbital of one C-atom overlaps side-to-side 
with the 2p, orbital of the other C-atom to form a pi (7) bond between the two. In the same way 
the 2p, orbitals of the two carbon atoms overlap with each other laterally to form another pi (7) 
bond between the two C-atoms. Thus though the C-C triple bond is expressed by three similar 
lines, one of them represents a sigma bond and other two lines represent two pi bonds. 

Thus on the whole, C;H; molecule consists of three sigma bonds—one С-С and two С-Н 
and two pi bonds. 

Acetylene is a linear molecule. The C-H bond length = 1'06 A and C-C bond length = 
1.20 A. The bond angle H-C-C = 180° 

ө Formation of organic compounds : 

During the combination of carbon atom with other atoms, the 2s and 2p orbital(s) mix 
together to form new orbitals known as hybrid orbitals and the processis knownas hybridization. 
Three types of hybridization are seen in the formation of organic compounds. 

(i) sp? hybridisation : In the saturated organic compounds which contains only single 
covalent bond, the carbon atom in the organic compound combines with other atoms or 
radicals forming sp? hybrid orbitals e.g., methane, ethane. 

(ii) sp? hybridization : р? hybrid orbitals are involved in those unsaturated organic 
compounds in which one carbon atom is linked with another carbon atom or any divalent atom 
by a double bond, e.g., ethylene. 

(iii) sp hybridisation : sp hybrid orbitals are involved in unsaturated organic compounds 
where one carbon atom is linked with the carbon atom by a triple bond e.g., acetylene. 

(iv) The bond angles, geometrical shape etc., associated with the three types of 
hybridizations are given in the following table. 
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(v) Size of the three hybrid orbitals : The s-orbitals are more closer to the nucleus 
` than the p-orbitals. Consequently, it is obvious that the greater the s-character of an orbital, 


the smaller is its size. Thus the increasing size of the three hybrid orbitals are às 
follows— 


sp «sp? «sp? 

(vi) Bond length : Bond length is the distance between the nuclei of two atoms which are 
bonded by maximum overlapping of their valence orbitals. 

According to the size of the hybrid orbitals we can assume that the bond formed by sp 
orbital with other atom will be the shortest and the bond formed by sp? orbital will be the longest. 
Larger the s-character of a hybrid orbital, closer are the two nuclei and shorter is the bond 
distance. Thus in alkanes e.g., in ethane, the C-H and C-C bond lengths formed by sp? hybrid 
orbitals of carbon atoms are 109 A and 1.54 À respectively, whereas in alkenes e.g., ethylene 
the С-Н and C-C bond lengths formed by’sp? hybrid orbitals of carbon atoms are 1:103 A 
and 1°34 A respectively. The different bond lengths produced by different types of orbitals 
are given in the table below 


Bond type (С-Н) | Bond length Bond type (C-C) | Bond length 
In alkanes sp?-s 1093A In alkanes sp?-sp? 1:54 À 


In alkenes sps 108A In alkenes sp?-sp? 134A 
In alkynes sp-s V06À In alkynes sp-sp 120A 


(vii) Bond energy : Bond energy is the energy which is liberated when a bond is formed 
between two atoms. The shorter the bond length the greater is the energy of that bond. Thus 
it is found that the bond formed by sp hybrid orbital of a carbon atom is the strongest and has 
the maximum bond energy. On the other hand, the bond formed by sp? hybrid orbitals of carbon 
atom has the minimum bond energy. The bond energies of different types of С-Н and C-C 
bonds are tabulated below— 


Bond type С-Н Bond energy Bond type C - C Bond energy 
: k cal mole k cal mole 

In alkanes sp?-s 104 In alkanes sp?-sp? 80-90 

In alkenes sp?-s 106 In alkenes sp^-sp? 122-164 

In alkynes sp-s 121 In alkynes sp-sp 123-199 


(viii) Relative energy of orbitals : The energy of an orbital decreases with its s- 


character. Thus the increasing order of energy of different pure and hybrid orbitals are as 
follows— 


S<sp<sp<sp<p 
(ix) A bond formed by a hybrid orbital is more strong and stable than the bond | formed by 
a pure atomic orbital. This is because of the fact that (a) maximum overlapping takes place in 
case of hybrid orbitals and (b) hybrid orbitals produce greater bond angles, and thereby 


minimise the force of repulsion acting between the unpaired electrons of each orbitals, which 
causes the bond formed to become more stable. 
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e Examples : 


(1) Indicate the type of hybridization оп each carbon atom of the following molecules and determine the 
total number of sigma bonds and pie bonds present in each molecule. 


(а) СНз-СН = CH-CH2-CH, (b) СНу-СН = CH-C = C-CH;. 
Ans. : (a) The structure of the molecule can be expressed as— 
H H 
H I, | 
H- RE = рн 


T H H H HH 
Types of hybridisation— С, = ѕ=р?, C2=sP, Ca = sp, C, sp), Cs = sp? 
Total number of sigma bond is 14 
Total number of pi bond is 1. 


| | 
(b) Structure :— - c= EG =ç- 


Types of hybridization— Cı = sp, Cossp,, Ca=sp, Ca=sp,Cs=sp, Cs = sp? 
Total number of sigma bond is 13 
Total number of pi bond is 3. 
(2) Point out the type of hybridisation on each carbon atom and find out the total number of sigma bonds 
and pie bonds in the following molecules. 
(а) CHs-CHz-C = CH (b) HC s C-C « CH ( НС = CH-C = CH 


"d 
Ans. : (a) Structure :— н-с-с-ё«ё-н 
нн 


Types of hybridisation— C, = sp’, Су=зр%, Cae sp, Cae sp 
Total number of sigma bonds is 9 
Total number of pi bonds is 2. 


(b) Structure :— Ho GR SCRO-H 

Types of hybridization С, = sp, С = sp, C= sp and C,» sp 

Total.number of sigma bonds is 5 

Total number of pi bonds is 4. 

(с) Structure :— H-CaC-CaC-H 

HH, 

Types of hybridisation— Су = sp, Сә = sp, Casp, Са= sp 

Total number of sigma bonds is 7 

Total number of pi bonds is 3. 

(3) Find out the number of (s-sp?) bonds, (sp*-sp*) bonds, (sp^-sp?) bonds, (sp^-s) bonds, (sp-sp) bonds and 
(sp -s) bonds in the following molecules. ba 

(a) СН;-СН = CH-CHs, (b) HC=C-C=CH, (9 H;C = СН-С = C-CHs, 

H 
1 
c 
1 


\ 
"Ans. : (а) H- i ETE -H 
H 


=x 
= 
=x 


Number of (s-sp?) bonds = 6, Number of (sp?-s) bonds = 2 
Number of (5р?-5р2) bonds = 2, Number of (sp^-sp?) bond = 1. 
(b) H-C = C-C = С-Н 

Number of (sp-s) bonds = 2, Number of (sp-sp) bonds = 3. 
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ethylene, acetylene. 
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Number of (sp^-s) bonds = 3, Number of (sp?-sp?) bond = 1, 
Number of (sp?-sp) bond = 1, Number of (sp-sp) bond 1, 
Number of (sp-sp?) bond = T, Number of (sp?-s) bonds = 3. 


(4) Point out the type of hybridisation on each atom in the following molecules : 
(а) CH; CHO, (Ы HCOOH, (с) CH;-O-CH;, (d) H-CN, (е) CH; NH; 
; H 


| 
Ans.: (a) Structure: H- ç- t =O 


нн 

C -s Casp, О зр 

(b) Structure : H- f =0 
OH 

C= sp, О=зр? 
(e) Structure : HC-O -CH, 

Cı and С: = sp, О = sp? 
(d) Structure : H-C=N 

C=sp, N=sp 


(e) Structure : H-C-N-H C=sp, Nesp. 


(5) Mention the state of hybridisation of the marked carbon atoms. [W.B.H.S. '96] | 
(i) CH = CH-C ClCH = CH; (ii) CHC = CH | 
(iii) CeHs-C Нз (iv) CHO 1 


[Ans. ғ (i) (рт), (ii) sp, (iii) sp, (iv) sp] 


e Questions e 


+ What is valency of carbon atom in organic compounds $ 
. Mention the differences between organic and inorganic compounds. 
- What property of carbon atom accounts for the occurrence of so many carbon compounds ? 
e What is hybridisation ? Explain sp? hybridisation withthe help of examples. 
What are sigma bond and pi bond ? Explain why two s-orbitals do not form a z bond ? 
Explain s+ s, s= p and p - p overlapping. 
Explain why a pair of 3p orbitals form a stronger bond than that formed by a pair of 3s orbitals. 
. (а) Arrange the following in the increasing order of bond length: C=C, C- C, C=C,C-H. 
(b) Arrange the following in order of decreasing bond energy: C-H,C=C, C=C, C-C. 
. Give reasons for the following : 
(a) C- C bond length is 1.54 À in alkanes, 1.34 in alkenes and 1.20 in alkynes. 
(b) Ethylene molecule is planar but ethyne molecule is linear, 
10. Explain the tetrahedral model of carbon atom. Give the tetrahedral structure of the following— methane, 


ONDARRUN = 


о 
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11. (a) Describe the geometrical shape of methane and ethylene molecule. [W.B.H.S. 94] 
(b) Mention the changes of hybridisation state in the following dehydration CH3 CO NH; —› CH; CN, 
(c) Mention the bond between carbon atom (1) and carbon atom (2) in N zC- cH = СН, 
(d) Mention the magnitude of H - C- H bond angle in methane, H- C - H bond angle in ethylene and 
H - C - C bond angle in acetylene. 
12. (a) Point out the type of hybridisation an.each carbon atom of the following compounds : 
(i) HC =C- CH; (ii) H- C8 C - CH; - CH = CH; 
(b) Find the number of sigma bonds and pi bonds in the following compounds : 
(i) H- CsC- CH; (ii) H- C = C - CH; - CH; - CH; 
(c) Find the number of (sp?-p?), (sp?-sp] and (sp-sp) bonds in the following : 
CHa - CH; - C=C - CH. 
13. Describe the arrangement of bonds of carbon atom in the space, in methane, ethylene and acetylene. 
14. Explain why—{i) Pi bonds are weaker than sigma bonds, (ii) Although the electronic configuration of 
carbon atom is 1s? 2s? 2p} 2p} it is tetravalent [WBHS ’92], (iii) The carbon atoms in propene do not lie in the 
same plane, (iv) С = C bond length is less than C – C bond length, (v) The stability of carbon bond depends on 
the influence of hybridisation. 
15. Find the values e ie аде) in the following тон 9 Mas | by дит; 
(а) H-C-H, Ho, t6 H-C-H, H-C-H, jin CH н = Cha 
(b) н-б-о, HEC, CCO, HEH ond HE in CHsCHO. 
e) HOH, HCC, CCC, CCFO, HCH ond. CrCrO in CH-CO-CHy, 


ө Objective type questions : 
1. Pick out the correct answer (s). 
(1) The hybridisation of carbon atoms in C-C single bond of HC = С-СН = CH» is 
(a) sp^-sp? (bj sp-sp? (c) sp-sp? (d) sp?-sp. [Ans. (c)] (Ы.Т. 91] 
(ii) The bond between carbon atom (1) and carbon atom (2) in N = сён- СН» involves ће hybrid as 
(а) sp?andsp?, (b) sp? and sp, (c) sp and sp?, (d) sp and sp. ` [Ans. (c)] МТ. *87] 
(iii) In the reduction CH;CHO — СНз CH;OH the hybridisation state changes from 
(а) sp? to sp, (Ы) sp? to sp; (c): sp? to sp’, (д) sp? to sp?. [Ans. (с)] 
(iv) Which of the compound(s) has/have only one type of hybrid carbon ? 
(a) CH; = CH-CH = CH; (b) CHz-CHz-CH2-CHs 


(с) СНз-С = С-СНз (d) HC=C-C=CH [Ans. (a) (b) and (а)] 
(v) The species in which the central atom is зр? hybrid orbital in its bonding is 
(a) PH; (Ы NH; (e SbH; (d) CH; Ап». (d)] МТ. #87] 


(vi) The CI-C-Cl angle in 1,1,2,2-tetrachloro ethene and tetra chol ‘romethane will be about 

(а) 90° and 109.5°. (b) 109.5° and 90°. (с) 109.5° and 120° (9) 120° and 109.5° 

[Ans. (d)] МТ. '88] 

(vii) The С-Н bond distance is ће longest in 

(a) С.н, (СН, (c) СН (d) CaHsBr [Ans. (c)] П.Т. '89] 
(viii) The number and type of bonds between two carbon atom in CaC; are 

(a) one c and one л bonds 

(b) one c and two л. bonds 

(c) one c and one and half x bonds 

(d) one c bond. [Ans. (Ы) ИТ. '96] 


2. Which bond in ethane molecule is stronger and why ? 
C-H o (C= Gs [WBJEE '88] 


MECHANISMS OF 4 
ORGANIC REACTIONS 


2.1. Introduction. 

All organic reactions involve.rupture and formation of a bond. The mechanism of an organic 
reaction depends upon the process of rapturing these bonds with the formation of new bonds 
under a definite set of external conditions. 

The reactant molecule which is attacked by an attacking molecule during an organic reaction 
is known as substrate and the attacking species is called the reagent. Any mechanism of organic 
reaction requires the formation of one or several intermediates or transition states by the attack of 
reagents on substrate. The intermediates thus formed, undergo decomposition, dissociation; 
addition, substitution or rearrangement leading to the formation of the final product(s). 


Substrate + Reagent — Intermediate => Products 
[Transition state) 


Most of the attacking reagents carry either a positive or a negative charge. The positively 
charged reagent attacks that part of the substrate molecule, where the electron density is 
maximum. The negatively charged reagent generally attacks that region of the’ substrate 
molecule where the electron density is minimum. Consequently, in order to occur a reaction on 
the covalent bond, the bond must possess oppositely charged centres. This can be done by-the 
partial дт complete displacement of bonding electrons. The occurrence of a reaction depends 
upon the electron density at the site of reaction in the substrate. 

The factors which influence electron density in the substrate molecule are—(i) Inductive 
effect, (ii) Mesomeric effect. These two effects are permanent. (iii) Electromeric effect, 
(iv) Inductomeric effect—these two effects are temporary. 


2.2. Inductive effect. 


When a covalent bond is formed between two dissimilar atoms having different electro- 
negativities, the electron pair forming the sigma bond between the two atoms, is never shared 
equally. The atom with higher electro-negativity attracts the bonding electrons closer to it. As 
aresult, the electron density becomes greateraround the atom having higher electro-negativity 
and consequently, the more electro-negative atom attains apartial negative charge (87) and the 
lesselectro-negative atom acquires a partial, positive charge (5*). These are formal charges but 
not actual charges as in Na'CI 


For example, in the compound C—X, where X is more electro-negative than C, the 
electron pair forming the C—X sigma bond is displaced towards the more electro-negative 
atom X giving it a partial negative charge (6 ^), while C attains a partial positive 
charge (ô *). 

б 


Again in a compound like C—Y where Y is more electro-positive element than C i.e., Cis > 
more electro-negative than Y, then the electron pair forming the C—Y sigma bond is attracted 


‘towards the C-atom and consequently C acquires a partial negative charge (5°) and Y acquires 
a partial positive charge (д *). 


MECHANISMS OF ORGANIC REACTIONS 23 


ө Inductive effect is defined as the permanent displacement of electron pair which forms 
the covalent bond, towards the more electro-negative atom or group. 

Thus inductive effect introduces a certain degree of polarity in the covalent bond. As a 
result of which, the bond is easily attacked by other charged atoms or groups. 

The inductive effect is transmitted atong a chain of carbon atoms. Let us consider a chain 
of carbon atoms in which the terminabcarbon atom С, is bonded with more electro-negative 
chlorine atom. 3 5 í à 

с C—— C—»— Cl 


Now Cl atom being more electro-negative than carbon, the electron pair forming the 
covalent bond between C, and CI will be attracted towards the Cl atom. As a result chlorine 
atom acquires a partial negative charge while the C, atom acquires a partial positive charge. 
Now C, atom being positively charged with enhanced electro-negativity will attract the 
electron pair forming the bond between C; and C2. Thus C; will also acquire a small positive 
charge which is much less than the charge on C,. Similarly C; will also acquire a smaller positive 
charge but the positive charge thus acquired on C; will be much less than that on C2. Thus the 
inductive effect is relayed from one carbon atom to other but the intensity of the charge 
decreases with the increase of distance from the source i.e., chlorine atom. The inductive effect . 
is expressed by the symbol (——) which is pointed towards the more electro-negative atom or 
group. Thus the inductive effect in propyl chloride may be expressed as— 

855° 85° & & 
CH; —— СН,» CH;—-— Cl 

The decrease of inductive effect is shown by using greater number of б sign. 

In measuring the inductive effect, carbon-hydrogen bond (C—H) is taken as standard. 

Any atom or group which attracts electrons more strongly than hydrogen, is said to have -I 
effect. Such atoms or groups are referred to as electron attracting groups e,g., Cl, Br, I, Е, № ек. 

Any atom or group which attracts electrons less strongly than hydrogen, is said to have +I 
effect. Such atoms or groups are referred to as electron releasing groups e.g., -CHs, —C2Hs, 
Me,CH- etc. 

Some common atoms or groups which cause negative inductive effect are arranged in 
decreasing order of the effect. 

e -I effect groups (Electron attracting groups) : 

МСН), > NO, > CN > F > CI» Br? I> OH > OCH; > -С,Н; 

e +I effect groups (Electron releasing groups) : 

(CH); C- > (CH) CH- > CH, CH;- > -CH; 

e Importance of inductive effect : 

. The inductive effect is important in organic chemistry as it provides us with satisfactory 
explanations of several facts. Some of them are discussed below : 

(1) Strength of carboxylic acids : 

The strength of a carboxylic acid depends upon its tendency to ionise i.e., to loose proton 
(H*). Thus the presence of a strongly electro-negative group which helps in repelling proton 

from the OH group of the acid, makes the corresponding carboxylic acid a stronger one. As for 
example— Э 

(i) Halogenated fatty acids are more stronger than the parentfatty acids. Thus chloro-acetic 
acid is 100 times stronger than acetic acid. 


CH,Cl COOH CH; COOH 
Chloro acetic acid Acelic acid 
k= 136 x 10% k= 176 x 10% pk = 475 


CH3H/37 
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Higher the k, value, the stronger will be the acid or lower the pk, value (pk, = —log ka) 
stronger will be the acid. 
(ii) The strength ofa halogenated. fatty acid increases with the increase in electro-negativity 
of the halogen present in that acid. This fact is shown in the table given below : 
Name of acid Formula 
lodo acetic acid ІСН, COOH 75 х10% 
Bromo acetic acid. Br CH; COOH 108x 10° 
Chloro acetic acid Cl CH; COOH 136 x 105 
Fluoro acetic acid F CH; COOH 260 x 105 


(iii) As the number of electron-attracting atoms or groups increases, the strength of acid 
also increases e.g., the inductive effect in di and tri halogens substituted acids is more marked 
which causes these acids to be more stronger than the corresponding mono-halogeno substituted 
acids. As for example, di-chloro acetic acid is more stronger than chloro acetic acid and tri 
chloro acetic acid is stronger than di-chloro acetic acid. 


Cl 1 
огањ ШТ agii эн. лүмү ый Boso влаго 
О Cl; Og 
Chloro acetic acid Dichloro acetic acid Trichloro acetic acid 
k 2136x105 К = 5530 x 105 k = 23,200 x 105 


(iv) Inductive effect decreases, as the group responsible for this effect e.g., halogen, moves 
further away from the carboxyl group. As a result, the strength of the acid decreases 
proportionately. Thus the increasing order of acidity of chloro, butyric acids are as follows : 
Q-» B-> ү-> n-butyric acids. 


a-chloro butyric acid CH; СН, CHCI COOH 


B-chloro butyric acid CH; CHCI CH; COOH 
chloro butyric acid CH;Cl CH; CH; COOH 
mbutyric acid CH; CH; CH; COOH 


(у) The strength of an acid decreases with the increase of +1 effect due to the presence of 
alkyl groups (electron repelling). CH; >- f =o H 
[6] 


Forthis reason, the decreasing order of the acid strength of some fatty acids are as follows- 
HCOOH > СНСООН > C;H,COOH > n-CH;COOH 


As there is no alkyl group in formic acid, it is the most acidic. [Н atom has neither +I nor 
-I effect.] 


(2) Reactivity of alkyl halides : 

Generally the alkyl halides are more reactive than the corresponding alkanes due to the 
presence of C—X bond (X = F, CI, Br, I). Due to the presence of C—X bond, they undergo 
inductive effect. As for example, methyl chloride is far more reactive than methane. In methyl 
chloride, due to the development of charges on —CHi group and CI atom, a reagent can easily 


attack methyl chloride rather than methane. Again, t-butyl chloride is more reactive than methyl 
chloride. This is because ofthe fact that, the electron repelling property (+I effect) ofthe methyl 
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groups in t-butyl chloride enhances the electron attracting property (-1 effect) of chlorine atom 
by repelling the electrons towards the tertiary carbon atom. As a result the CI atom in t-butyl 
chloride is more easily replaced by other atoms than that in methyl chloride. CH; 


(3) Basic character of amines : А compound is said to have basic 
nature if it is able to accept a proton (H*). The amines exhibit basic CH; = 
character due to the presence ofa lone pair of electrons on nitrogen atom CH 
which accepts the proton. The relative basic character of amines is Tertiary 
determined by the readiness with which the lone pair of electron is C-atom 
available for a proton. У t-Butyl chloride 


Due to the electron repelling property (+/ effect) of the alkyl group present in amines, the 
electron density around nitrogen atom is increased. As a result, a force of repulsion is exerted 
on the lone pair of electrons on the N-atom, for which the lone pair of electrons in amines is 
more easily available for the protons than in NH3. As the availability of lone pair for 
protonation increases the basic property of an amine also increases. Thus in the gas phase 
or in the absence of water, tert.-amine is more basic than sec.-amine which is more basic than 
primary amine. 


CH CH H 
Y 3 3 | 

CH;>N: > H—N:2»H—N: 
bu, CH, ён, 


Tert. amine Sec. amine Pr. amine 
[In water this order is not maintained, rather: anomolous results are observed. The important factor in aqueous 
medium is the stabilisation of the cation by hydration with water. 
HOH +OH ......- (i) 

The 3 types of amines are attacked by Н" from water to, form cations, with the release of OH” ions. 

CH; NH, + Не = Снн; 

(CH He HY ҳе (CH ee 

(сн Hh e CHUA 
These 3 cations are stabilised by intermolecular hydrogen bonding with water to the different extent. 


H 
+ A aH 
CH;NH; + 3H,0——> CH Мерс; OTH 


H tet 

сн.) Ён. + 280 — Cor gd а, 

yeso ovn Sos o sd ie re 
Нз 


(CH) NH + a ЧН о<н 
СНз 


Thus solvation is very little in -amine with only опе hydrogen available.in the cation for hydrogen bonding. 
It becomes the weakest base in aqueous medium. The two effects, namely +l effect of the two alkyl groups and 
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hydration energy due to two hydrogen atoms in the cation is maximum in sec. amine which makes it stron- 
gest base. This is clear from the pk, values of the 3 amines, (Lower the pk, values stronger is the basic 
strength.) 
CH3NH; (CHs]aNH (Сн) 
Pr. amine (pk, = 3°36) Sec. amine (pk, 3°22) Ter. amine (pk, 4°2) 


Thus the decreasing order of basic strength in aqueous medium are as follows— 


Secondary amine > Primary amine > Tertiary amine 

Again when strong electron withdrawing groups like Е, Cl, МО, etc., are present in amine, its basic property 
is decreased profoundly. This explains why (CFs), N has no basic property at all inspite of the presence of lone 
pair on N atom.] 
2.3. Mesomeric effect. 


Mesomeric effect is essentially electron redistributions that takes place in unsaturated and 
specially in conjugated system via their л orbitals. For example, let us consider a carbonyl 
group, all the properties of which are not accounted for, by the classical structure (I), nor by the 
extreme polar structure (II) produced by the shift of т electrons to the more electro-negative 
oxygen atom. 


e ө 
Der bee 3C 0. or, 2cf80 
а) MD ш) 
The correct structure of the carbonyl group seems to be in-between the structures I 


and II i.e., the actual structure is a resonance hybrid of which I and II are the canonical 
forms. 


The resonance hybrid structure may be expressed by the formula III in which it is found 
that the 7: electrons are pulled towards the more electro-negative oxygen atom rather than 
carbon, 

Now when the carbonyl group is conjugated with C = C, the above polarisation can be 
transmitted further via the melectrons, almost undiminished along the length ofthe conjugated 
system and the associated charges become détocalised. 


4 3 2 1 4 + 2 ee 
е or ES a NI МИБ АША 


з 


4 
ог, CH; — CH — CH — CH —O 


The positive charge produced due to the Ооп of carbonyl 7 electron, is 


distributed almost equally between C, and C; causing both of them susceptible to 
nucleophilic attack. 


This type of shift of electrons may also be produced by the presence of an atom having at 
least one lone pair of electrons in a conjugated system. 
E^ * co : 
(CH3); KY CH Lome CH Сён . CH; <— (СН;), = CH — CH = CH — CH. CH;. 


€ Thus, mesomeric effect (M-effect) isa, permanent effect by which polarity is produced ina 
molecule due to the transfer of л electrons from a multiple bond to an atom or to a single 
covalent bond or from an atom having lone pair(s) of electrons to the adjacent single covalent 
bond. 


Mesomeric effect may be positive (+М) or Hêsa (M). 
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(i) +M effect —An atom or a group which transfers electrons towards a carbon atom, is said 
to have +М effect. 

ray. c ZA +M effect is exhibited by atoms or groups containing lone pair(s) of 

hs effect ~~ electrons, 
+ К ee ee oe o 

+M effect groups : —С1, -Br, -I, -NH;, -N Rz, -QH.-OR 

(ii) -M effect : Anatomora group which pulls electrons from a carbon atom, is said to have 
—M effect. -M effect is exhibited by >С = О, -NO;, -C = М. due to сс сү 
the presence of electro- negative atoms like oxygen, nitrogen etc. BN De E 


+M effect is commonly exhibited in compounds where X group with lone pair of electrons 
is attached to phenyl group which becomes conjugated with benzene nucleus. 


4M ex: У: У: NO 
6-90 6 


The small C — Cl bond distance or its high bond energy in vinyl chloride is due to the 
+M effect of Cl atom which also accounts for its low reactivity. 


EEN eo ee 
СН, = CH — CI? «+> CH, — CH = Cl: 


Groups like NO; when attached to a conjugated system exert-M effect. 


Co б 
EAS ENDS AN Vide co 
ze ell Sti ca <n d a 
Mesomeric effects, like inductive effects are permanent polarisation of the molecule. 
Consequently mesomeric effects influence the physical properties of the compounds in which 
they occur. 
e The main differences between the inductive and mesomeric effects, are— 
(a) The inductive effects occur essentially in saturated groups or compounds whereas the 
mesomeric effects occur only in unsaturated and especially conjugated compounds. 
(b) Inductive effects involve the electrons in sigma bonds, the mesomeric effects involve the 
electrons in л bonds and orbitals. 
(c) Inductive effects are tgansmitted over only short distance in carbon chain before dying 
away but the mesometic effects may be transmitted from one end to other, provided. delocalized 
rorbitals are present. 


2.4. Resonance. 
Ithas been found that a single structural formula of some compounds can not explain all of 
its properties. For example, the structural formula of benzene is ordinarily represented either 


as I or II. 
I II 
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Ithas three C—C single bonds and three C=C double bonds. Thenormal C—C single bond 
length = 1.54 А and C =C double bond length = 1.34 À. Now it has been found experimentally 
that all the C — C bonds in benzene are identical in all respects and have the same bond length 
(1.39 А) which is intermediate between the normal C = C double bond length (1.34 А) and 
normal C — C single bond length (1.54 A). Neither of the I and П structures represents benzene 
correctly. АП the properties of benzene can only be explained if we consider that the actual 
structure of benzene lies somewhere between the structures I and II. ' 

e The phenomenon in which the true structure of a molecule can be represented by two or 
more possible structures, but none of them can represent it singly, is referred to as resonance. 

The true structure of the molecule is said to be a resonance hybrid of two or more possible 
alternative structures. These alternative structures are known as the resonating structures or 
canonical structures. 

A double headed arrow (+>) between two adjacent resonating structures is used to represent 
the resonance hybrid. Thus the actual structure of benzene can be represented as the hybrid of 
the two resonating structures I and II. It can also be represented by single structural formula 


as III. 
I Il ш 


@ Characteristic features of resonance hybrid.: 

(i) Resonance hybrid is more stable than any one of the various resonating structures. The 
difference in energy between the hybrid and the most stable canonical structure is known as the 
resonance energy of that molecule. Thus, benzene is said to be stabilized by a resonance energy 
of 38 k cal/mole. 

(ii) The bond lengths in a resonance hybrid are different from the bond lengths in the 
contributirg structures. Thus, instead of usual C — C single bond length of 1.54 AandC=C 
double bond length of 1.34 A, the carbon-carbon bond length in benzene is 1.39À. 

e Some important rules which govern resonance are— 

(i) Thoughtheresonating structures differ in process of distribution of electrons, they must 
have the same number of paired and unpaired electrons. 

(ii) AII the resonating structures must have the same arrangement of atomic nuclei. 

(iii) Resonating structures must be planar (or nearly planar). 

(iv) Resonance hybrid is more stable than any of its resonating structures. The more the 
number of covalent bonds in a resonating structure, the more is its stability. 

(v) The structure of a resonance hybrid is not a mixture of its resonating structures, but is 
intermediate between the various structures. \ 


(vi) In general, non polar structures are more stable than the dipolar structures. Stability 
is decreased if there are isolated charges. 


(vii) Resonance structures with positively charged atoms which are electron deficient, 
become unstable. 


Here the resonating structures of formic acid are arranged in order of decreasing stability. 


Hc One (à С=О 


+ + ee 
»>H—C=OH¢ 4:649 OH —H—C—OH 


iu je d g i 


O: 
y 
(D (II) (Ш qv) 
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This is because of the fact that, both I and II structures have greater number of covalent 
bonds, consequently I and П are more stable than III and IV. Again between I and II, structure 
I has no formal charge and so itis more stable than II. 

Structure IV is less stable than Ш because the positive charge in IV structure resides on 
oxygen which is more electro-negative than carbon. In structure III the positive charge resides 
on carbon so it is more stable than IV. So the decreasing order of stability of the resonating 
structures of formic acid is I» I> III > IV 


e Examples of some molecules or ions exhibiting resonance are given here— 


a: 3 
(I) Acetate ion : CH; — Sb <> CH; о 


(П) Carbon monoxide : $ C— 9 €» $C $0 


eo m + + m 
(III) Vinyl chloride: ЊС = CH— CI jy НС — CH = Cl? <> H,C — CH= с: 
Rot & Bee 


(IV) Ketone : م‎ 6 gest Ty. ipe 


+28 oo + 
(V) Diazo methane : H,C =N=N$ < HC— NEN: 


(VI) Ozone : оу. ero 
Fe dS 
(VII) Nitro benzene : 
£ Т 2 ilie ie сэ: = ind 
o-N L0 Ñ — 1-0 —0 o=N=0 
+ + e 
eH ہے ہے ہے‎ 
ay 


2.5. Electromeric effect. | 
Electromeric effect is,a kind of temporary displacement of electrons which takes place in 
compounds having multiple covalent bonds like C=C, C= O, C=Nete. Itmay also take place 
in an atom containing lone pair of electrons adjacent to a covalent bond. This effect involves 
the л electrons of the pie bonds, as they are loosely held and can be polarised easily. 


Consequently, when a compound having double bond or triple bond, is attacked by charged 
nsferred to one of the constititent atoms 


reagent, the electrons of the x bonds are completely tra 
of the compound by the electrostatic attraction. А 
offect in which the pie electron 


e Thus, the electromeric effect is defined as the temporary € j ‹ 
pair is completely transferred from a double bond or a triple bond, to one of the constituent 


atoms, when an organic compound is attacked by a charged reagent. di a 
This transfer of electron pairis expressed by acurvedarrow starting from the initial position 
of the electron pair to its final position. 


A USC E E 
Sel = 5 CR 


30 ELEMENTS OF CHEMISTRY 


The atom which acquires the electron pair gets full negative charge while the other atom 
gets full positive charge. 


Electromeric effect is a purely temporary effect which occurs due to electrostatic force of 
the charged attacking reagent. The original electronic arrangement of the molecule is restored 
as soon as the attacking reagent is removed. 


D charged toc regent Lil 
НС = CH, pocos H;C— CH, end * HC = CH, 


Examples : (i) When a multiple bond is present between two similar atoms like ethylene, 
the transfer of electrons may take place in any direction. 


+ o» 
нсС®н,—>нб—С©н, 


dpi cn 
or, н сн, нё tg, 


(ii) When multiple bond is present between two different atoms, ће direction of the transfer 
of electrons pair is governed by. the inductive influence of the group present on the multiple 
bonded atom. Thus in propylene, because of the electron repelling property of -CH; group, the 
electron transfer takes place as shown below : 


+ e 
CH; — CH Он, — * CH; — CH — CH; 


(iii) In case where the inductive and electromeric effects act against each other, the 
electromeric effect generally overcomes the inductive effect. 


For example, in vinyl bromide, when the electromeric effect acts in the opposite direction 
of inductive effect, the actual transfer of electron pair occurs as shown below : 


$e. m + 
HEZ cH Cus НС CH=Brs 


Electromeric effect is expressed by the symbol E. 
(a) + E effect :When the electron pair is transferred away from the atom or group, it is 


called + E effect. 
c 


Here fhe displacement of electron pair is away. from X atom. 
(b) — E effect :When the transfer of electron pair is towards the atom or group, it is 


called — E effect. Y. 
YC CXC 
The combined mesomeric and electromeric effects of the atoms or groups is called 
conjugative effect. 
өе Inductomeric effect : 


In some cases, the inductive effect in a molecule, may be increased temporarily due to the 
approach of a charged or polar attacking reagent. Such temporary effect is known as 
inductomeric effect. 


The inductomeric effect is defined as the temporary effect which increases the inductive 
effect and occurs only in presence of a charged attacking reagent. ` 
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When the attacking reagent is removed, inductomeric effect disappears. Generally the —I 
effect is enhanced by the presence of a negatively charged attacking reagent and 1 effect is 
enhanced by the presence of a positively charged attacking reagent. 

As for example, in nitro methane, ће -1 effect of -NO, group is further enhanced 
temporarily due to the approach of OH to the hydrogen atom which is finally removed as 
water. 


H 
| Ion] N 
онын ——*ON — CH; + О 
H 


Inductomeric effect never inhibits a reaction but always helps it. 
2.6. Hyper-conjugation. 

When an alkyl group having at least one hydrogen atom, is attached to a carbon atom 
having double bond, or odd electron as in free radical or positive charge as in carbonium ion, 
or negative charge as in carbanion, the o-carbon becomes capable of releasing electrons like 
that of electromeric effect. As for example 

H H* 
Blocco eer cs 


The transfer of electron involves Gand melectrons ofp orbitals in case of free radicals. Such 
process of release of electrons due to the presence of H- C-C = C= system, is known as hyper 
conjugation. Greater the number of (H — C) bonds attached to the unsaturated carbon atom, 
the more is the tendency of electron release by hyperconjugation. 

Thus, according to this rule, the chance of electron release in methyl group consisting of 
three (H — C) bond is greater than in ethyl group which contains only two (C — Н) bonds. In 
isopropyl group which contains only one (C Н) bond, the electron release will be the least. 
Tertiary butyl group does not contain hyperconjugated (C – Н) bond and so there will be no 
release of electrons. 


и ji i 
“С=С з و‎ E Cs Cis C 
Bae ash ша ти an RZ рл 
H CH; 
Methyl group having 3 hyper Ethyl group having 2 hyper. ^ Isopropyl group having one 
conjugated (C =H) bonds: conjugated (C — Н) bonds (C =H) bond 
A 
mmm m 
CH; 
Tert-buty! group having no hyper 


conjugated (C — Н) bond 


© Effect of hyper conjugation : 
(i) Stability of alkenes : The stability of some alkenes can be explained on the basis of hyper 
conjugation. As for example, propene is more stable than ethene. This is due to the fact that, 
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in propene there are three hyper conjugated (C— H) bonds attached to the unsaturated carbon 
atom. As a result the sigma electron of (С-Н) bond can be displaced over three different 
structures. 


H H * 

і i 4 
@ H- CCH Ён, <—» H-C-CH-CH, 

H H 

H H 3 

| CX [| ee 
@ H=CgCHECH: <—» н-с=сн-Сн, 

H B 

H H 2 

| A ў E 
ш) т" «—. H' CSCH-CH, 

H H 


In the three resonating structures as shown above, there is no definite bond between one 
carbon and one hydrogen atom. 

The more the number of alkyl groups attached to the unsaturated carbon atom, the more 
stable will be the alkene. Thus, 2-methyl propene contains six (C Н) hyper conjugated bons 
whereas propene contains only three (C — H) bonds. Consequently 2-methyl propene is more 
stable than propene. 


i 
Д н н-с-н 
H-C-CH-CH, H-E = CECH, 
H H 
Propene, contains 3 hyper 2-Methyl propene contains six 
conjugated (C ~ Н) bonds. hyper conjugated (C = Н) bonds. 


(ii) Stability of alkyl free radicals : The relative stability of free alkyl radicals can be 
explained on the basis of hyper conjugation. The decreasing order of stabilities of free alkyl 
radicals are— 

Tertiary alkyl > Secondary alkyl > Primary alkyl > Methyl 
[(CH3 C] [CH3); CH] [CH; CH;] [CH;] 

In general it can be said that, the more the number of hyper conjugated (C — Н) bonds ina 
free alkyl radical, the higher is its stability. 

(iii) Stability of carbonium ion : The relative stability of different carbonium ions can be, 
explained on the basis of hyper conjugation. The sigma electrons of C = Н bond are attracted 
towards the vacant p orbital of carbon atom resulting a positive charge which spreads 
completely over the whole structure causing the stability of the carbonium ion. 

The primary carbonium ion has 4 resonating structures, the secondary carbonium ion can 
have 7 and tertiary carbonium ion can have 10 resonating structures. 

In general, the greater the number of hydrogen atoms attached to the a-carbon atom, the 
more resonating forms can be obtained and thus greater will be the stability of the carbonium 
ion. Thus primary carbonium ion has 3 resonating forms. 


; i A c 
н-сУён, <—> н-Сўсь <—> н!С#Сн, <> НС = CH, 
H H н) н 
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Secondary carbonium ion has six resonating forms. 


үү H H H* 
| 
H-C4,H H-C H H C- H-C -H 
P <> ME. <> | <> 
H;C- њс-С H;C- ¢ acd 
H H H | 
(1) Q) (3) (4) 
In addition to these, three more structures can be obtained from the other methyl 
group. 
Resonance structures of tertia¥y carbonium ion. 
y ; : T 
H-CjH HC H HE C- H-C -H 
[# eee Мы “жы m c Mad JE) PENNS I 
HC -¢ H;C-C H3C- Hc-C 
CH; CH; CH; CH; 
(1) Q) (3) (4) 


In addition to these another 6 more structures can be obtained from the other two methyl 
groups. 

2.7. Breaking of (fission) covalent bonds. 

The mechanism of an organic reaction is the series of different steps which are involved in 
the transformation of the reactants into the products. As the organic compounds are covalent, 
the organic reactions involve—(a) the breaking (fission) of the old bond and (b) the making of 
the new bond. 

Breaking of the old bond : Depending on the electro-negativities of the two atoms 
concerned, the breaking of the covalent bond (o bond) takes place in two processes— 
(i) homolytic fission and (ii) heterolytic fission. 

(i) Homolytic fission : This type of breaking of covalent bond occurs when the two atoms 
say A and B have similar electro-negativity. In this process each of the atoms collects one of 
the bonding electrons with the production of free radicals. 

АВ +> А• + Bs 
Free radicals 

Each of the free radicals has one unpaired electrons which makes them very reactive. They . 
always have the tendency to be paired and so the reactions which take place via intermediate 

formation of free radicals, occurs very rapidly. 

(ii) Hetero lytic fission : This type of fission takes place when the two atoms concerned say 
A and B, have different. electro-negativities. This type of reaction takes place in two ways— 

(a) When A is more electro-negative than B, A acquires both the bonding electrons and thus 

. becomes negatively charged. „Сү 25 à 
А: В = A+B 
(b) When B is more electro-negative than A, B acquires the electron pair and gets the 
“negative charge. ч М % es 
Ai B—> А +.B 
Homolytic and heterolytic fission result with the formation of. short lived charged or neutral 
fragments called intermediates of which the following are important—Free radicals, carbonium 
ions, carbanions and carbenes. 
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€ Free radicals : In homolytic fission one electron of the bonding pair, is collected by each 
of the departing atom or group with the formation of electrically neutral atom or group which 
is known as free radical e.g., p * Р 
А LY -q A + B 
HC $'" Cl SS "HE °C 
Free radicol 
A free radical is defined as the electrically neutral atom or group of atoms having one 
unpaired electron. 
(i) In non polar solvents many reactions follow via free radical mechanism even at room 
temperature viz., halogenation of alkane, peroxide effect etc. 
The latter involves less stable organic peroxide as radical initiators. 


RÓ2 OR —> 2RO 
(ii) Free radical mechanism is suggested for the Wurtz reaction. 
R—I+Na—> Nal +R 
ReR => RÜSR 
(iii) In Sandmeyer's reaction Cu* transfers its electron to aromatic diazonium ion to form 
aryl free radical. 


С;Н; - №, + Си? —> бун; + № + Си" 
Stability : The stability of free radicals increases in the order — 
Primary free radical < Secondary free radical < Tertiary free radical 
This is attributed to Ayper conjugation. 
HLCM 05680. H CH= 
3 


Steric factor is also responsible for the stability of tertiary free radical, The stability of 


t-butyl free radical as obtained by the removal of hydrogen atom is due to the increase in bond 
agle from 109°28' to 120° 


CH Га Safe ау EN 
ЕСН нн CH; -C i.e., cu" — CH; 
CH; CH; 
(8р?) (sp) (8р?) 
Delocalisation of л electron is again responsible for the stability of allyl and benzyl free 
radical e.g., д - 
бсн n, <> CH,— CH=CH, 
Allyl free radical 
Сн, CH, єн, CH, CH, 
Ô <> бу <> <> © <> 
Benzyl free radical ® 


€ Carbonium ion : In heterolytic fission, the electron pair forming the colvalent 
(c bond) is collected by a single atom or group with the formation of electrically charged 
atom or group. i 
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When the electron pair forming the sigma bond between carbon and X atom leaves the 
organic group and joins the more electro-negative substituent X, it acquires negative charge and 
the carbon atom acquires positive charge due to the loss of electron pair. 


H H H 

| | ee 

BFC Se oon T. +: x9 "gto? 

H H H 
Cacboniumión Three pairs of electrons in 


a carbonium ion 
Thus, an organic species which has three pairs of electrons and a positive charge at its 
carbon atom, is called carbonium ion or carbocation. It is generally expressed as К". 


The structure of carbonium ion : Vacant p, orbital 


In carbonium ion, -¢ tuses sp” hybrid orbitals 
in the formation of three sigma bonds and the p, 
orbital remains vacant which extends above and R 
below the plane of the sigma bond. The three sp” 
orbitals lie in the same plane and the angle between 
any two orbitals is 120°. 
C in ground state > 152 252 2p; 2р, 2p? 
sp’ hybrid orbital in C * > 182 2s 2p, 2p, 2р; 
; 


Depending upon the nature of the positively charged i 


alkyl group 
Structure of carbonium ion 


carbon atom, the carbonium ions are classified as follows- sp? hybridisation 
н à н с, 
н-с° HCC сн,-с° њс-с® 
H H CH; CH; 
Methyl carbonium ion Нион ion separa чей іоп 
Production of carbonium ions : 


Carbonium ions are produced by the heterolytic fission. Some reactions by which 
carbonium ions are produced are given below— 

(i) Several organic halides (R — X) produce carbonium ions in presence of polar medium. 
X = Cl, Br, I. A 

R-X—>R®+ $X 
(ii) By the action of nitrous acid on aliphatic amines. 
R-NH, 405 R® 4:N, 
(iii) By the protonation of alcohols and subsequent removal of water. 
к-он —“> R-ÓH,—» В+ НО 
‚ Gv) By the protonation of alkenes. 
R- CH, -CH = CH, > R- CH, -CH- CH; 
(v) By the protonation of carbonyl contpounds. 


M icd Ha NP 
$c-0-". 5c-Ón-*» 5 C-on 
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Stability of carbonium ion : 
(i) The stability of carbonium ion is influenced by the mesomeric and inductive effects. As 
for example the allyl and benzyl carbonium ions are more stable than propyl carbonium ion. 
This is due to the fact that, both allyl and benzyl carbonium ions can be stabilised by resonance 
but propyl carbonium ion has no resonance form. 


Resonance forms of allyl carbonium ion— 
e e 
CH,— CH~-CH,<—> НС — CH=CH, 
Resonance forms of benzyl carbonium ion— 


+ CH; CH, CH, сн, 
+ + 
چ —< ج‎ 
Y 


(ii) +I groups which are electron releasing, can also stabilise carbonium ions by 
neutralising the positive charge of carbon atom partially. Thus tertiary carbonium ion is more 
stable than secondary and the secondary carbonium ion is more stable than primary, due to the 
influence of +1 effect of the alkyl groups. 

R 


1 p n 
R> e > R =o > Rs e 
R R H 
Tertiary Secondary Primary 


1 groups like -NO;, -Br etc., which attract electrons, make the carbonium ion less stable. 


„ө Carbanions : 

During heterolytic bond fission, when the electron pair forming the sigma bond between 
carbon atom and another atom Z, leaves the less electro-negative atom Z and joins the more 
electro-negativeorganic group, the organic group acquires anegativecharge with the formation 
of carbanion. 

Thus, carbanion is an organic species which has four pairs of electrons and a negative 
charge on one of its carbon atom. Yt is represented as R. 


H H 
| [s] ә 
H-€—2 —— aH - z$ tZ 
H H 
Carbanion 


When the negatively charged carbon atom in a carbanion is bonded with hydrogen atoms 
or alkyl groups, it uses sp! hybrid orbitals to produce three sigma bonds and the fourth зр? 
orbital remains free being filled with 2 electrons. This gives the carbon atom a negative charge 


e.g., methyl carbanion, ethyl carbanion etc. 
H H () 
H-Ci H;C e с 
Жы SEIN н н 
H H H 
* Methyl carbanion Ethyl carbanion Negatively charged C atom is sp” 
Mol da is bonded with H 
or alkyl groups 


Such type of carbanions have structures like that of ammonia. 
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But when the negatively charged carbon atom in a carbanion is joined with an unsaturated 
group, the carbon atom uses sp’ hybrid orbitals to produce three sigma bonds. Here the 
completely filled p orbital makes the carbon atom rich in electrons 
and gives it a negative charge. As the carbon atom in a carbanion Mo 
is negatively charged it will combine with the electrophiles which P Ses 
have the tendency to accept electron pair. 

Stability of carbanions J (i) When the negatively charged The negatively charged 
carbon atom in carbanion is attached with another carbon C atom is зр? унаа 
atom having double bond, the stability of such carbanion can be explained by the resonance 
effect. 

As for example, the stability of acetonyl carbanion and benzyl carbanion is due to 
their resonance structures. The resonating structures of these two carbánions are shown 


W. 
belo À 


Оз 
SIE бсн, 


CH;— C—CH, +» CH;— 
Resonating structures of acetonyl carbanion 

OH, CH, CH, CH; 

2 © © 

O —90 Mer Po dy 
BN 
57 

Resonating structures of benzyl carbanion 


(ii) The stability of simple alkyl carbanions can be explained by inductive effect. The 
presence of electron releasing groups (+I groups) make the carbanions less stable. Consequently 


the presence of greater H H dA to 
number of alkyl groups in lo е dee. с" 
the negatively charged oid > aus йы T кй TS 
carbon atom of a H H H у R 
carbanion makes it less Methyl Primary Secondary emay 
З ^ \ alkyl 
stable. So, a primary  carbanion diced fuoi carbanion 


carbanion is more stable : 
than a secondary and the secondary carbanion is more stable than a tertiary due to the presence 


of +I effect of the alkyl groups. H H H 
The structures of Hic® u:ci? H: Ce 

carbonium ion, carbanion H H H 

and free radical are shown CA On a Free radical 


here. 


€ Carbenes : Carbenes are neutral species having a carbon atom with two bonds and 
two electrons. 
ee 
— C — 
Carbene (methelene) 
Carbenes are very reactive species. As they have a constant tendency to accept a pair of 
electrons to complete their octet and so they act as strong electrophiles. 
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Carbenes may be formed in a number of ways some of which are— 


(1) From diazo methane in presence of U.V. light. 
p dido 
HC -N-N > НС + № 
Diazo methane Carbene 
(ii) By the decomposition of ketene. x 
HC =C=0 E uc + CO 
Ketene Carbene 
(iii) By the reaction of chloroform with alkoxides. 
CH Cl, + СНО: —> СНОН + СЬС 
CCF —> CLC? +Clt 
Carbene 


2.8. Classification of reagents. 

The presence of an electron attracting group in a molecule produces an electron deficient 
site in that molecule and the presence of electron repelling group produces an electron rich site 
in that molecule. This phenomenon determines, how and at what site that molecule will react 
and will predict the type of reagent with which the molecule will react readily. Thus, in methyl 
chloride molecule the electron deficient site is the carbon atom. Consequently, itis obvious that 
methyl chloride will be readily attacked by electron rich species such as OH, : NH», RN : etc. 
On the otherhand, the electron rich site of the molecule will be attacked by electron deficient 
species. On the basis of this principle most of the reagents are classified into two types. 


(1) Electrophilic reagents or Electrophiles : 

Electrophilic reagents are electron loving and contain a positively charged electron 
deficient site and so attack the substrate at the point of maximum electron density. 

The electrophilic reagents may be positively charged species or neutral molecule having 
electron deficient site. Some of the important electrophiles are given below— 

e 
нә, 1°, Brê, мн, NOP, No, SOs, R- Ne N, БС, $0H, AlCl, BF. 

The reactions which involve the attack of electrophiles are known as electrophilic 
reactions. ? 

(2) Nucleophilic reagents or Nucleophiles : 


Nucleophilic reagents are nucleus loving which contain a negatively charged electron rich 
site and so attack the substrate at the most electron deficient point. 

The nucleophiles possess at least one lone pair of electrons. The nucleophiles may be 
negatively charged species or neutral molecule with free electron pairs. 

Some of the important nucleophiles are given below— 


OH, OR, Br, CN, NH, HSO;, CH,CO СН, RC =C, H- O-H, R= O-H, SNH, RN 
The reactions which involve the attack of nucleophiles are known as nucleophilic 
reactions. 
' Examples : 
(1) Electrophilic substitution reaction : 
The bromination of benzene in presence of FeBr; is an example of this type of reaction. It 
consists of the following steps— 


(i) Formation of electrophile. Br Вг + FeBr —» Br? + FeBr,® 
electrophile 
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(ii) The electrophile (Br*) thus produced, attacks the benzene ring to form a carbonium ion. 


AH H H H 
on AC Ome Che = oL 
* * 


Formation of a carbonium ion Resonance hybrid 


(iii) Elimination of proton to give the product. 


Qs Febr, ©" + HBr  FeBr, 


Elemination of proton Product 


(2) Electrophilic addition reaction : The addition of HBr to ethylene is an example of 
electrophilic addition reaction. It consists of the following steps— 


(i) Hydrogen bromide first splits to supply proton (H*)— an electrophile and В: — 
a nucleophile. 
H—Br —> H' * Bri 
Electrophile Nucleophile 
(ii) The proton then attacks the pie bond (т) of ethylene to produce a carbonium ion. 


* 
H,C-CH, +H’ —> не CH, 
Carbonium ion 

(iii) Now the nucleophile Br? attacks the carbonium ion to produce the product. 


Bri + HE — CH, CH, Br— CH, 
Nucleophile Carbonium ion 
(3) Nucleophilic addition reaction : The addition of HCN is an example of this type. It 
consists of the following steps— 
(i) Hydrogen cyanide splits up to give H* and CN? ion—a nucleophile. 
(ii) In a carbonyl group, as oxygen is more electro-negative than carbon, the carbon-oxygen 
double bond becomes highly polar. 
pore онъ D —0 
wn 
Now the CN: (nucleophile) which attacks the positively charged carbon of the >C =Ogroup 
to produce negatively charged anion. 


ÇH, CH; 
CN: act "Ls те >» cN—¢ — 0 

‘CHa CH; 

Acelone Anion 


CH-11/38 
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(iii) Now the proton (electrophile) combines with the anion to produce the addition product. 


CH; СН, 
CN—C- O + حرو‎ CN-C-OH 
CH; CH; 
Acetone cyanohydrin 


(4) Nucleophilic substition reaction : The nucleophilic substitution reactions are of two 
types—{i) $y2 reactions and (ii) Sy 1 reactions. - 

(а) $42 reaction : When the rate of a nucleophilic substitution reaction depends on the 
concentration of the substrate and nucleophile, the reaction is said to be Sy2 reaction. Sy 2 
represents bimolecular nucleophilic substitution. 

CH;Br + OH. —» CH;OH + Br 
rate = [CH;Br] [OH] 

The hydrolysis of methyl bromide by an aqueous solution of KOH is an example of Sy2 
substition reaction. As both the ОНГ and Br atom are electron rich, the OH” ion attacks the 
carbon atom from the side opposite to Br atom and combines with the carbon atom by sharing 
its electron with C-atom of the substrate. On the otherhand Br atom by collecting the shared pair 
of electrons is removed as $ BF 


нон 
Eo ate Bop s/o Zh m" 
HORSE BF Od er ^c 
H | “н 
H 


Transition state 


Thus Sy 2 reaction is envisioned as а опе step process involving a back side attack of OH” 
ion and the dissociation of a bromide ion with the formation of a transition state in which five 
groups or atoms are bound to the carbon atom—three by covalent bond and two by fractionally 
ionic bond. In this transition state both the nucleophile (ОНГ) and the leaving group (Br^) are 
on the same plane and same line. The other three groups remain in a plane perpendicular to 
OH--C--Brcentre. Actually the formation ofa transition state is a slow transition of sp? carbon 
to sp? carbon giving rise to planar geometry. 

Syl reactions : When the rate of the nucleophilic substitution reaction depends өп the 
concentration of the substrate, it is said to be Syl reaction. The hydrolysis of t-butyl bromide 
is an example of this type. 

(CH), CBr + HO —» (CH;),COH + НВг 
Fbutyl bromide 

Kinetic studies show that, rate œ [(CH3), CBr] i.e., the rate is independent of the 

concentration of the nucleophile HO. 


A two step mechanism is valid for this type of substitution reaction. 


: CH; CH; 
| Slow | 
(D) Oe CBE = CH- + Br 
: 1 
CH; CH; 
Tert-carbonium ion 
А Fast сњ н Gee 
(DL GHC. + HOL SS CHG. і Fer ы! ^ 
aoc’ + Hy CH; NS e TU CHC OH H 


CH; CH; CH; 
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The formation of stable tertiary carbonium ion is the rate determining step (Step I). 

It is slower step and involves any one molecule. Hence it is called unimolecular Syl i.e., 
substitution nucleophilic unimolecular. 

The following points must be remembered. in order to choose whether the desired 
mechanism is Syl ог Sy2. 


(i) Bulkier the groups attached to carbon atom, the more will be chance of Syl reaction 
whereas, smaller the groups attached to the carbon atom the greater will be the tendency 
towards Sy2 mechanism. 

(ii) Larger the stability of the carbonium ion, greater will be the possibility of Syl 
mechanism. Thus $1 mechanism is more favoured in going from primary halides to tertiary 
halides. Again halides such as aryl halides, allyl halides etc., where the carbonium ion is 
stabilised by resonance, the probability of Sy1 reaction is very high. 

(iii) The rates of Sy1 or Sy2 reactions are controlled by the nature of the solvent. Solvents 
with high dielectric constant and dipole momenti.e., polar solvents stabilise the transition state 
due to high solvation. Hence polar solvents will favour Sy1 reaction while non polar solvents 
favour Sy2 mechanism. 

° (iv) Allreactions following Sy2 mechanism are accompanied by inversion of configuration 
with respect to the substituent. , 
(у) Syl reaction follows a stepwise mechanism while Sy2 reaction is a concerted mechanism. 


(vi) As polarisability of the C — X bond increases, the bond becomes weak and assumes 
tendency to ionise and hence the rate of Syl mechanism is enhanced. This explains why the rate 
of hydrolysis of benzyl iodide is more than that of benzyl chloride. 


ө Questions ө 


. With suitable examples explain the term resonance and inductive effect. 
“The electromeric effect is not a permanent effect’— Explain ће statement with examples. 
. What is inductive effect ? Give one example of a system where this effect is operative. 
. Explain with suitable examples : (i) Electrophiles, (ii) Nucleophiles, 
. Write short notes оп: 
(i) Mesomeric effect, (ii) Carbonium ion, (iii) Carbanion, (iv) Free radicals, (у) Stability of carbonium ion. 
„ Defining nucleophile and electrophile classify the following accordingly : 
(i) сн; CH, CH (i) CH, CH CH, (ШКО, (M): CC, 
Which of the following are free radicals ? [WBJEE '92] 
(i) (СНз) (ii) сњ (iii) СГ (iv) (сн [Ans. {iv)] 
8. Describle homolytic and heterolytic fission of covalent bonds. How do these lead to the formation of 


carbonium ions, carbanion and free radicals ? 
9. Arrange the following carbonium ions according to their stability. Explain your answer. 
la) CÊH ыен (сн: CH CHo 
10. Which one is the most stable carbonium ion of the following and why ? 


=> © о ت‎ 


е 


м 


(CM, (b) (CH CH (c) CHa ёњ (d) (CHIC lAns. (d) 
11. Classify the following as electrophiles and nucleophiles : Ф 5 
(aj HO (Ы Br (< CN (d) NOz (е) NH; (f) ROH [Ans. Electrophiles NO; and Вг 


‚ rest are nucleophiles] 
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12. What is the effect of the following resonating structures of vinyl chloride have on its dipole nm 
CH, = CHCl e> CHCH = Êl p 


[Ans : Resonance decreases the D.M. of the vinyl chloride as the + charge on Cl atom 
and – charge on C atom oppose each other] 


13. The formation of cyanohydrin from a ketone is an example of 
(a) Nucleophilic substitution, (b) Electrophilic substitution, (c) Electrophilic addition, (d) Nucleophilic 


addition. [Ans. (d]] [I..T. '90] 
14. 3,3-dimethyl butan-2-ol loses a molecule of water in the presence of conc. H2SO4 to give tetramethyl 
ethylene as a major product. Suggest a suitable mechanism. ПАТ. '96] 


15. Which of the following species behave as (i) a nucleophile, (ii) an electrophile, (iii) both, (iv) neither ? 
СГ, НО, Н", CHa C=N, CH4, Н;С=СН СНз, СНО, МО, AICI, CH;OH, Br’, Сг", SnCl, 
[Ans. : (i) СГ, ЊО, СНОН, H;C-CH СНз; (й) Н", AlCls, Br*, Cr***, SnCl,, NO3; 
(iii) CHO, CH3 C=N; (іу) Hz and CH4) 
16. Explain why : 
(a) Formic acid is stronger than acetic acid. [W.B.H.S. '96] 
(b) Methyl amine is more basic than ammonia. 
[c] Chloro acetic acid is more acidic than acetic acid. 
^ (d) C-C bond distance in benzene is intermediate between C-C single bond dnd С=С double bond 
istance. 
(e) C-O bond distances in formic acid are 1.23 А and 1.36 А while both the C-O bond distances in 
sodium formate is same i.e., 1.27 À. [LLT. *88] 
[Ans. : Resonance is not possible in formic acid but resonating structures stabilises formate ion] 
€ Objective type questions : 
[A] Pick out the correct answers) : 
Т. Which of the following is not an electrophile ? 
(а) NHa (Ы) ВЕ (АІС. (d) Hg” [Ans. (a]] 
2. Resonance structures of a molecule should haye; 
(a) Identical arrangement of atoms, 
(b) Nearly the same energy content, 
(c) The same number of paired electrons. 
(d) Identical bonding. [Ans. (а), (b), (c)] МТ. *84] 
3. Among the given cations, the most stable carbonium ion is; 
(а) sec-butyl (Ы tert-butyl (c) n-butyl (d) n-pentyl [Ans. (c)] [L.1.T. '81] 
The compound which gives the most stable carbonium on dehydration is; 
Hs 
(а) CH; qn CHOH (b) асси 
CH; CHa 
(с) CH3 CH; СН; СН; OH (d) Сн; e CH; CH [Ans. (b)] [I.LT. '89] 
OH 


> 


5. In СНз СНОН the bond that undergoes heterolytic cleavage most readily is, 

(а)С-С (Ы̇С-О (с-н  (djO-H 4 [Ans. (d)] І.Т. '88] 
6. Of the following compounds which will have zero dipole moment ? 

(a) 1,1-dichloro ethylene (b) Cis-1,2-dichloro ethylene, 

(c) Trans-1,2-dichloro ethylene (9) None of the above [Ans. (c)] П.Т. *87] 
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7. Polarisation of electrons in acrolein may be represented as 
& 5+ E P 
(а) CH = CH= CH =O | (b) СН = CH- CH О 


[nee & i 

(c) CH 2 CH- CH-O (d) CH= CH=CH =O : [Ans. (d)] 

8. Examine the following two structures for the anilinium ion and choose the correct statement from the ones 
given below : ДА 
NH; NH3 


reel 


I I 
(a) Itis not acceptable canonical structure because carbonium ions are less stable than ammonium ions. 
(b) It is not acceptable canonical structure because it is non ur matic, 
(с) It is not an acceptable canonical structure because the nitrogen has 10 valence electrons. 
(d) It is an acceptable canonical structure. ШАЛ. 93] [Ans. (c)] 
9. Formic acid is considered as resonance hybride of four structures— 
ll ©, б P 
H—C—OH <> H—C-O-H <> н-С-он جه‎ HoH 
1 Ibis ш у 
Which of the following order is correct for the stability of the four cartributing structures 2 [LLT. '84] 
(a)I>H>UI>1V (Ыї>П>їў>Ш (I> I>II>IV (dJ 1> IV > II > I1 [Ans. (а)] 
10. The enolic form of acetone contains, 
(a) 9 sigma bonds, 1 pi bond and 2 lone pairs 
(Ь) 8 sigma bonds, 2 pi bonds and 1 lone pair 
(c) 10 sigma bonds, 1 pi bond and 1 lone pair, 


(d) 9 sigma bonds, 2 pi bonds and 1 lone pair, [Ans. (a)] [1.1.T. 90] 
11. Which of the following alkyl halides is hydrolysed by 52 mechanism? 

(а) CH; Cl  (b)(CH3sC Cl — (c) (CHa) C Br (d) (CH3)4l [Ans. (a)] 
12. The shape of [CH;]* is [LLT. 93] 


(a) Tetrahedral, (Ы square planar, (¢) triangular planar, (9) None of the above. [Ans. (c)] 
[B] Fill up the blanks with appropriate word : 
. The hybridisation of carbon in сњ is 


1 
2. Syl reaction an „ order reaction. 
3. The negatively charged carbon iri CH; contains electron. 
4. : ССІ, is an example of ё 
5. 52 reaction are order reaction. 
6. Inthenitration of benzene by conc. H2SO,and conc. HNO.theintermediateactivespeciesis — .. 
7. Aldol condensation involves both ion and 
8. Chlorination of methane proceeds via mechanism. 
9. In the formation of protonated alcohol from alcohol and acid, alcohol actsas__ — — 1. 
10. Polar solvents favour reaction while non polar solvents favour reaction. 
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3.1. Isornerism, 


The órganic compounds which have the same molecular formula but differ. from eachother 
in physical and chemical properties, are called isomers and the phenomenon is known as 
isomerism. : 

The difference in the properties of isomers is due to the difference in the arrangement or ' 

` módes of combination of atoms within their molecules. 
- Thedifferent types of isomerism are shown below in the chart. 


Isomerism 
Structural Stereo 
isomerism isomerism 
Optical Geometrical 
isomerism isomerism 


_ Chain „Position Functional Metamerism Tautomerism 
isomerism isomerism isomerism 
3.2. Structural isomerism. 
When the isomers differ in the arrangement ofatoms or groups within the molecule, without 
any reference to space, the phenomenon is called structural isomerism. 
Structural isomerisms are of five types. 
1. Chain isomerism or nuclear isomerism : This type of isomers have the same molecular 
formula but differ in the nature of carbon chain (i.e., straight or branched) which forms the 


nucleus of the molecule. Chain isomers are observed in alkanes and in the alkyl radicals present 
in other class of compounds. 


Examples : 
(a) n-Butane and iso-butane. 
ж 
CH; - CH; - CH; - CH; CH; = CH- CH; 
n-Butane Iso-butane 

(b) n- Pentane, iso-pentane and neo pentane. 

CH; 

l 

CBs CH; -C - CHa ‘ 
CH; . CH2. CH; CH; CH3, CH;—CH-CH;-CH;, CH; 
n-Pentane н Iso-pentane Neo-pentane 


(c) n-Butyl alcohol and iso-butyl alcohol. 
CH;- CH.CHSOH 


CH; 
Isobutyl alcohol 
2. Position isomerism : This type of isomers have the same molecular formula but differ 


“ in the position of the substituent atom or. а group or an unsaturated linkage in the same 
carbon chain. 


CH; CH; CH; СНОН 
Butyl alcohol 
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Examples : 
(a) 1-Bromo propane and 2-bromo propane. Br 
[] 
CH; - CH; - СН; Br, CH; - CH - СНз 
1-Bromo propane 2-Bromo propane 
(b) Butene-1 and butene-2. 
CH; = СН - СН, – СНз CH; - CH = СН - СНз 
Butene-1 Butene-2 
(c) n- Propyl alcohol and isopropyl alcohol. OH 
| 
CH; - CH; - CH; OH CH; - СН - CH; 
п-Ргоруі alcohol Iso-propyl alcohol 


(d) o-Xylene, m-xylene, p-xylene (СН). : 


H3 H3 H3 
H3 
“СНз 


о-Ху!епе mXylene Н; 
pXylene 
3. Functional isomerism : This type of isomers have the same molecular formula but differ 
in the nature of functional groups present in the isomers. 


Examples : 
(a) CHO: CH, СНОН, CH; — 0 - СНз 
Ethyl alcohol Dimethyl ether, 
(b) С-Н; О: ‘CH; СН; * =0; CH; as E CH; = CH - СНОН 
CH; Allyl alcohol 
Propanal Acetone 
(с) С.Н; O2: CH; CH; СООН, CH; - СОО - СНз 
Propanoic acid Methyl acetate 
(d) C, HO : 
COCH, CH,CHO CHO CHO CHO 
9^ © 
-CH, 
Acetophenone Phenyl o-melhyl е CH, 
-methyl -methyl 
acetaldehyde benzaldehyde ^^ benzaldehyde Ncc 


4. Metamerism : Such type of isomerism occurs due to the difference in the nature of the 
alkyl groups which are attached to the same functional group. 

Although this type of isomerism is exhibited by isomers belonging to the same homologous 
series, the term metamerism is normally applied in ether. 


Examples : (a) Molecular. formula C,H,,0 gives three metamers of ether. 
CH; 


| 
СН; - О—С›Н», CH; - О - CiH;, CH; - CH - O - СНз 
Diethyl ether Ы Methyl propyl ether Methyl isopropyl ether ` 
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(b) Molecular formula C,NH;, gives two metamers of amine. 
CH; CH; - NH - CH; CH;, CH; CH; CH; - NH - CH;; 
Diethyl amine Methyl propyl amine 
5. Tautomerism : Tautomerism is a phenomenon by which two structural isomers become 
mutually inter-convertible and exist in dynamic equilibrium. 
The two different structures are known as tautomers of each other. 
As for example, acetone exhibits tautomerism and can be expressed as an equilibrium 
mixture of two structural isomers. 


05 H OH 
MN ul | 
CH;-C* CH; == CH;-—C = CH; 
Kelo form of acetone Enol form of acetone 


The keto form is converted to enol form by the shift of а proton (H^) to the oxygen atom of 
carbonyl group and by the shift of electron pair from С-Н bond to C-C bond with the formation 
of a double bond, 


! 
Difference between tautomerism and resonance : 
(i) The tautomers are distinct molecules which really exist but the resonating structures 
have no real existence. 
(ii) In tautomerism both the atom and electrons are shifted from one position to the other 
while resonating structures involve the shift of electrons only. 
Examples : " 
Keto enol tautomerism : A special type of tautomerism is exhibited by compounds like 
aldehydes, ketones and other carbonyl compounds. In this type of tautomerism a proton i.e., 
H* from the a-carbon atom is shifted to carbonyl oxygen atom withthe formation of enolic 
form. The tautomer which contains carbonyl group [>C = О] is known as keto form and the 
other which contains hydroxy group attached to a double bonded carbon atom, is known as 
enol form. 


OH 
It 1 
(i) Acetone : CH;-C-CH,; => CH;-C=CH, 
Keto form Enol form 
24 о Ue о 
(ii) Aceto acetic ester : CH;-C CH ~C-0-C,H; == CH; - C = CH - C - OCH; 
Keto form Enol form 
0$ H OH [9] 
у т a | i 
(iii) Acetyl acetone: | CH, - CYCH- C- CH; == CH;-C-CH-C-CH; 
Keto form Enol form 


Keto-enol tautomerism is only possible in those carbonyl compounds which have atleast 
one a-hydrogen atom which can be shifted to the carbonyl oxygen atom e.g., 


О коп 


havi toms 1 
(a) OI gaa Р НЗ Cais - C - Сен; 
Acetophenon Benzo phenone 
tautomerism is possible tautomerism is not possible 


as there is по a-H atom. 
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«Hydrogen (у о 

present | 1 
(b) CH;-CH;-C-H C4H;-C-H 

Propionaldehyde Benzaldehyde 

tautomerism is possible tautomerism is not possible. 

Nitro compounds can also exhibit tautomerism. 
oH он 
(с) Oc NCH, == “OC Мсн 
Nitro form Aci-nitro form 


3.3. Stereo isomerism. 4 

Isomers having the same structural formula when differ in the relative arrangement of 
atoms or groups in space within the molecule are knownas stereo isomers and the phenomenon 
is called stereo isomerism. 

The stereo isomers have the same structural formula but different spatial arrangement of 
atoms or groups within the molecule. 

There are two types of stereo isomerism— 

(1) Geometrical isomerism : Isomers having the same structural formula, when differ 
in the relative arrangement of atoms c. groups in space around the double bond are known 
as geometrical isomers and the phenomenon is called geometrical isomerism. 

Geometrical isomerism is exhibited by alkenes and their derivatives. The two carbon 
atoms of the C = C bond and the four atoms or groups which are attached to the carbon 
atoms lie in the same plane and their positions in the space are fixed, as the rotation around the 
C = C bond is not possible due to the presence of pie bond. 

Cis-isomer : The isomer in which the 2 similar groups lie on the same side of the double bond 
is called cis-isomer. 

Trans-isomer : The isomer in which the two similar groups are on the opposite sides of the 
double bond is known as trans-isomer. 


Examples. 
H;C CH; НС. H 
(a) Эма апа yak 
H H H CH; 
Cis-2-butene Trans-2-butene 
ST COOH Hy c COOH 
(b) ll and ll 
в Дон AAR 
Maleic acid (cis) Fumeric acid (trans) 
H—C—Cl sei den 
а 
e H-6--ci n ClCH 
Cis, 1, 2dichloro ethylene Trans-1, 2-dichloro ethylene 
HsC; see. fes 
(d) | апа || 
нус; "wg u^ Peri 


Trans-3-hexene 
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No geometrical isomers are possible when one of the double bonded carbon atom is 
attached to identical groups. Thus the compounds of the following type will not exhibit 
geometrical isomerism. : : 


Y се > 
A < а р: < a a^ € 
Dijference between cis and trans-isomers : 


(4) The cis-isomer of an unsaturated acid on heating forms the corresponding anhydride 
while its trans-isomer can not form the corresponding anhydride. 


Thus maleic acid (cis) can form maleic anhydride on heating but fumaric acid (trans) can 


not form its anhydride. 0 
Н, COOH 1 

SA не 2С 

А C vua 
Il od || - + Hj 
u^ coon pem 
Maleic acid (cis) о 
Maleic anhydride 


(ii) The cis-isomer of a symmetrical alkene in which both the carbon atoms have similar 
groups, has definite dipole moment, while the trans-isomer of the symmetrical alkene has zero 
dipole moment. 

Examples : 


(a) Thus cis-dichloro ethylene has dipole moment 1.9D while trans dichloro ethylene has 
zero dipole moment. 


ees CUN H—C—Cl 
Il 
H—C4;Cl CI—C—H 
Cis-dichloro ethylene Trans-dichloro ethylene 
u-V9D „= 0D 


(b) The cis-isomer of an unsymmetrical alkene in which both the carbon atoms have 
different groups, has higher dipole moment than that of the corresponding trans-isomer. As 
for example, 


рне H;C-C-Cl 

| ll 
CH;CH;-C-CI CI-C-CH;CH; 

Cis-2, 3-di chloro pentene-2 Trans-2, 3-dichloro pentene-2 
has higher dipole moment has lower dipole moment 


(2) Optical isomerism : Optical isomerism is a type of isomerism which arises due to 
different arrangement of atoms or groups in three dimensional space producing two isomers 
which are mirror images of each other. Optical isomers have an asymmetric or chiral carbon 
atom in their molecules and can rotate the plane-polarised light in opposite direction. 

Polarised light : Ordinary light consists of waves vibrating in many different planes, buf 
when this light is passed through a nicol prim, the light vibrates only in one plane. This light 
which vibrates in one plane is called palarised light. 
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The optical activity of an organic compound is measured in a polarimeter. When a solution 
of an optically active substance is kept in the polarimeter, the polarised beam of light rotates 
either to the right (clock wise) or to the left (anti clock wise). 

The optical isomer which rotates the plane of polarised light to the right is called 
dextrorotatory. |t is represented by the sign (+) and the other which rotates the plane of 
polarised light to the left is said to be laevo rotatory and is represented by the sign (—). 


Plane rotated to the left 
„ıı Ordinary light having ДА Polarised Rotated polarised 
> — چ‎ 
waves viggating in == light light 


different planes Nicol prism Soln, of optical isomer 


m ® 2 

Racemic mixture : ordinary beam oflight Plone polarised light Plone rotated tothe right 

As the optical rotatory powers of the two isomers (+ and —) are equal in magnitude but 
opposite in sign, an equimolecular mixture of the two isomers will not rotate the plane of the 
polarised light. This equimolecular mixture of the two optical isomers is called racemic mixture. 

e Plane of symmetry : A plane which bisects an object in such a way that each half is the 
mirror image of the other i.e., the object looks identical with its own mirror image, is called 
plane of symmetry. 

An object whichhas plane 
of symmetry is called symmetric. 
Asymmetric object is referred to 
as achiral. 

An object which has no plane 
of symmetry is calledasymmetric 
or chiral. 


Right hand 
NM Lefthand Тһе right hand is the 
Anasymmetric objectcan not mirror image oft hand 
be superimposed on its own 
mirror image. Fig 3.1 : 


As for example, a left hand has no plane of symmetry, consequently the left hand and its 
mirror image are not identical and can not be superimposed. The letter ‘F’ can not be super- 
imposed on its mirror image, so it is chiral but the letter *H' can be super-imposed on its mirror 
image, so it is achiral. 

e Asymmetric or chiral carbon atom : 

The carbon atom which is attached to four different atoms or groups, is called asymmetric 
carbon. 

Optically active isomers contain an chiral or asymmetric carbon atom in their molecules. 
As for example, lactic acid has four different groups attached to the central carbon atom and 
so it is optically active. 

Propanoic acid has two similar atoms (H) on its central carbon atom and so it is optically 


inactive. уеб 
УАШ 
К carbon atom çH 
H—C*-OH HCH 
боон соон 
Lactic acid, optically active Propanoic acid, optically inactive 


Optical isomers exhibit same physical and chemical properties. 


50 ELEMENTS OF CHEMISTRY 


Three dimensional structures of lactic acid are not identical as they can not be superimposed 
on each other and one isomer is the mirror image of the other. 
ө Enantiomorphs or enantiomers : 


The dextro and laevo forms of isomers of a compound are non super-imposable mirror 
images of each other. Such pair of isomers are known as enantiomorphs or enantiomers. 

There are three forms of lactic acid of which the two are optically active and the third one 
is inactive. 


(a) Déxtro rotatory or (+) lactic acid — which rotates the plane of polarised light to the right 
is known as dextro rotatory lactic acid. 


(b) Laevo rotatory or (=) lactic acid— which rotates the plane of polarised light to the left 
is known as laevo rotatory lactic acid. 

These two isomers are mirror images of each other and are enantiomers. 

(c) Racemic mixture (+) lactic acid — which does not rotate the plane of polarised light and 


so optically inactive. It is ап equine, 2 mixture of (+) and (=) forms of lactic acid and is 
called racemic mixture. 


OH HO 
HOOC H H ^ соон 
Hs CH; 
1+) Lactic acid геа (-) Lactic acid 


4 superimposable mirror image of each other 


Similarly the following compounds also exhibit optical isomerism. 


COOH SOR 
H-C—OH HO—C—H 
CH,COOH e б®н.соон 
d.malic acid Lmalic acid 
С y CH; 
H—C—NH; eat ther ee EP 
COOH COOH 
d-alanine p l-alanine 
CH СН; 
H Con HOCH 
COOH COOH 
d-Mandelic acid I-Mandelic acid 
ө Optical isomerism of tartaric acid (2, 3-di-hydroxy butane di oic acid) : 
oH Two Asymmetric 
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Tartaric acid contains two asymmetric carbon atoms and so it can exist in the following 
isomeric forms. Two of them are optically active while the other two forms are optically in- 
active. 1 


(Ge. соон СООН 
HO DH HH Ke BOR M Racemic mixture 
HO-C-H :  H-C-OH H-C-OH which contains equi- 
| x | | molecular mixture of 
COOH COOH COOH (+) and (=) tartaric 
(+) Tarfaric acid miror —_(-) Tarfaric acid Meso tartaric acid acid 
(1) (2) (3) (4) 


(1) (+) Tartaric acid—rotates the plane of polarised light to the right. Yt has no plane of 
symmetry. 

(2) (-) Tartaric acid—rotates the plane of polarised light to the left. It has no plane of 
symmetry. 

Both (+) and (=). forms of tartaric acid are mirror-image of each other i.e., they are 
enantiomers. ` 

(3) Meso tartaric acid—A compound which has two or more asymmetric carbon atoms but 
has a plane of symmetry is called a meso compound e.g., meso tartaric acid. It has a plane of 
symmetry which divides the molecule midway between the two asymmetric carbon atoms and 
hence the two parts are identical and is super imposable on its mirror image. So the molecule 
is optically. inactive inspite of the presence of two asymmetric carbon „toms. 

Stereo isomers which are not mirror images to each other are called diastereomers. Thus 
meso-tartaric acid is diastereomer of d and | tartaric acid. 

(4) (4 or Racemic tartaric acid—lt is an equi molecular mixture of (+ and (=) tartaric 
acid. It cannot rotate the plane of polarised light and so it is optically inactive. 


ө Conditions for optical activity : 

In some cases it has been found that inspite of the absence of asymmetric carbon atom in 
a compound, it exhibits optical isomerism. Consequently it can be said that the presence of an 
asymmetric carbon atom in a compound is not the only criteria for optical isomerism. 

A compound exhibits optical isomerism if it is lacking of the elements of symmetry viz., 
(i) plane of symmetry, (ii) centre of symmetry and (iii) an alternating axis of symmetry. 

When a molecule possesses one or more of the above elements of symmetry, it becomes 
symmetrical but if a molecule does not have any of these elements of symmetry, it becomes 
asymmetric and can exist in optically active forms. 

(1) A plane of symmetry : A molecule is said to possess а plane of symmetry if it can be 
divided into equal halves inany plane in sucha way that atoms or groups of one side of the plane 
form mirror images of those on the other side. 

Thus meso tartaric acid though contains two asymmetric carbon atoms, it is optically in- 
active because the molecule as a whole is symmetrical and so the mirror image will super- 
impose on the other. 

(ii) Centre of symmetry : The centre of symmetry is an imaginary point in the centre of a 
molecule such that, if a straight line is drawn from any group to this point and then extended 
to an equal distance beyond that point, the line will meet the mirror image of the said group. 
For example, (a) trans 1, 3-dimethyl cyclo butane possesses a centre of symmetry which is the 
centre of the ring. 

Centre of symmetry can exist only in cyclic compounds. A molecule having a centre of 
symmetry is optically inactive. 
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Compounds having dissymmetric molecule such as Bi phenyls exhibit optical isomerism. 


CH, 
AEA 
Sn uf (>. 
Centre of pe 
A Mirror 
H CH, 


) Cis-1, 2-dimethyl cyclo butane- Trans-1, 3-dimethyl cyclo butane Bi phenyl compound 
Fig. 3.2: 
ө Weldon inversion (optical inversion) : 
Weldon inversion is the process of conversion of d-form of an optically active compound 
to l-form of the same compound or different compound and vice-versa. 
Thus d-malic acid is converted to L-chloro succinic acid on being treated with РС1;. |-chloro 
succinic acid in turn is converted to /-malic on being treated with moist Ag,0. 


COOH i COOH ‘COOH 
| E 3 | Moist А90 
HOn Weldon inversion кезүн 2 ا‎ 
جنا ی ید‎ 
А CH;COOH KOH. weldon CH;COOH H;C-COOH 
d-Malic acid ШУУТУ, 1-СМого succinic acid Malic acid 


e Write the structural isomers of— 
(i) CsHııCl, (ii) С:Нь,. (iii) С,НЬО, (iv) CHO. 
Ans : (i) Structural isomers of С; Н Cl (chloro pentane) : 


160.29 7312 IES 
(а) CICH;CH;CH;CH;CH; (b). CH;CHCH,CH,CH; 
| 


1-Chloro pentane 


(c) CH;CHCHCH,CH; 


C 
2-Chloro pentane 


joa dn 
(d) ORCE ШЕНЕП: 


cl CH; 
3-Chloro pentane 1-Chloro-2-methyl butane 
Пара ln 
(е) CI-CH,CH;CHCHs (f) сез 
CH; CH; 
1-Chloro-3-methyl butane 2-Chloro-2-methyl butane 
(в) yas c 
CH;-CH-CH-CH; 


2-Chloro-3-methyl butane 
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(ii) Structural isomers of C.H; (Pentyne) : 


5 4 3 241 
(а) CH,-CH,-CH,-C=CH 
1-Репіупе 
4 3 2 enl 
(c) CH;-CH-C=CH 
| 
CH; 
3-Melhyl-1-butyne 
(iii) Structural isomers of CHO : 
As alcohols. 


(a) CH,CH,CH,CH,OH 
Butan-1-ol 


(c) CH;CH,CHCHs 
OH 


2-Butanol 

(iv) Structural isomers of CH 40 : 
As ether. 
(a) C;H,—0—C;Hs 

Ethoxy ethane 
(c) CH;—O—CH—CH3 

Нз 
2-Methoxy propane 


(b) 


(b) 


(d) 


(b) 


5 4 3227 71 
CH;-CHz-C&C-CHs 
2-Pentyne 


CH; 
CH;-CH-CH;OH 
2-Methyl propanol 


Н; 
CH;—C—OH 
H; 


2-Methyl propan-2-ol 


CH,—0—C3H; 
Methoxy propane 


(v) Structural isomerism of CHO as aldehydes and ketone : 


(а) CH,;CH,CH,CHO 
Butanal 
(c) CH;-CO—C:Hs 
- Butan-2-one 
(vi) Structural isomers of C4H40; : 
(a) CH.CH;CH;COOH 


Butanoic acid 


(c). CH.COOCH;CHs 
Ethyl ethanoate 


(е) НСООН CH;CH;CH; 
Propyl methanoate 


(O 


(b) 


(d) 


(f) 


Hs 
CH;—CH—CHO 
2-Methyl propanal 


H—COOH 

Н; 

2-Methyl propanoic acid 

CH;CH,COOCH; 

Methyl propanoate 
CH; 

HCOO CH CH; 

Isopropyl melhanoate 


CH; 
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(vii) Structural isomers of C;H;BrCl: 


Br cl 
(a) сн,—С—С! (b) в:—СН;—СН 
- ü ü 
1, 1-Dichloro-1-bromo ethane 1, 1-Dichloro-2-bromo ethane 
1 
(c) Cl cuin 
Br 


ess 1, 2-dichloro ethane 


e Questions ө 


1. Define the following terms with illustrations : 

(a) Structural isomerism, (b). Stereo isomerism, (c) Position isomerism, (d) Tautomerism. 

2. (a) What are the conditions to be satisfied for a compound to be chiral ? 

(b) What is an asymmetric carbon atom ? 

(c) What are enantiomers ? How can they be identified ? 

(d) In what ways a racemic mixture differ from a chiral compound ? 
(е) What is the origin of geometrical isomerism in alkenes ? 

[Hints : When two carbon atom are joined by double bonds consisting of one sigma and one pi bond, the 
free rotation around the C-C axis is hindered. As a result the atom or groups attached to the carbon atom in the 
alkene become fixed in space.] 

3. Identify the type of isomerism exhibited by the following : 


| 
(a) CsHi2 (b) CHgCH = CHCH;CHs lc) evoca 
Нз 
[Ans : (a) Structural isomerism, (b) Geometrical isomerism, (c) Optical isomerism] 
4. Of the structures given below which will exhibit geometrical isomerism and' why (a) CH3CHBr-CHBrCH3 
(b) CHyCH=CBr, (c) СН:СН=СНСІ [Ans : b and d] 
5. Pick out the primary, secondary and tertiary carbon in the following : 

(a) 3-iso propyl hexane (b) 3, 3, 4-tri methyl heptane (с) 2-methy!-3-ethyl hexane . 

6. What is isomerism ? Classify structural isomerism and give examples of each type ? [WBJEE '81] 


7. (a) What is metamerism. Give examples. [WBJEE '92] 

(b) Give the examples of position isomerism and functional isomerism. [WBHS '94] 
8. Of the structures given below which will exhibit geometrical isomerism. 

(a) CH;CH=CH?, (b) СН;СВг= CBrCH;CHs, (с) СН›СН;СН;СН=СНСН;. [Ans. (b) and (с]] 
9. What is optical isomerism ? Which of the following structures will exhibit optical isomerism ? 

(a) CHs-CH-CHs (b) Cheapach (e) Gi pti oen 

Br CH; OH [Ans. (cll 

10. Write down the structures of the stereo isomers of the following compounds : 

(i) 2, 3-dihydroxy butane, (ii) 3-phenyl-2-propenoic acid. [Roorkee '86] 

[Ans. (i) d, Гапа meso (ii) Cis and Trans] 
11. Write down the tautomeric structures of phenol. ГИЛ. 92] 
Ans. OH 
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e Objective Type Questions : 
[A] Pick out the correct answerls) : 
(1) The number of isomers for the aromatic compounds of the formula СНО is 


(a) 2 (ЫЗ (94 (d) 5. [Ans. (d)] 
(2) Optical isomerism is exhibited by 

(a) 1-butanol (b) 2-butanol (с) Butene-1 (4) Butene-2. [Ans. (b]] 
(3) Which of the following have asymmetric carbon atom? 

(a) СН:СН:Вг (b) CH&CHCb (с) CH,CH(OH)CI (d) CH4CH(OH)CN [Ans. (c) & (d]] ПАТ, 84] 


(4) Compound CHO can exhibit. 
(a) Metamerism (b) Functional isomerism (c) Positional isomerism (d) All types. [Ans. (аЛ. ГЫТ, *81] 
(5) Which of the following compounds will exhibit geometrical isomerism? 


(a) 2-butene (Ь) 2-butyne (с) 2-butanol (d) butanol. [Ans. (аЛ [1.1.T. '83] 
(6) Ап isomer of ethanol is 
(a) Methanol (b) diethyl ether (с) acetane (d) dimethyl ether. [Ans. (d]] ГЫТ. ‘86] 


(7) Chiral moleculesare those which are 

(a) Non superimposable on their mirror image, 

(b) Super imposable on their mirror image. 

(с) Exhibit geometrical isomerism, 

(d) Not stable [Ans. (a]] 
(8) Mesolartaric acid is optically inactive because of the presence of 

(a) two chiral carbon atoms (b) Molecular unsymmetry (с) Molecular symmetry (d) External 

compensation. [Ans. (c]] 

(9) Keto-enol tautomerism is observed in 


(a) Bola (b) QUEM 

(9) 9 (9 MS esent [Ans. (b) and (d)], ЫТ. *88] 
(10) Isopentane can form four monochloro derivatives. How many of these are optically active ? 

(a) 1 (b) 2 (93 (9) 4 [Ans. (bJ). 
(11) The number of structural isomers possible for C;HBr is 

(a) 4 (b) 2 (c) 3 (d) None of the above [Ans. (bl. [Roorkee Engg. ‘891 


[в] Fill in the blanks with appropriate words : 
(1) Alcohols and ethers are——— isomers. 
(2) A carbon atom having four different groups is known as, 
(3) 2-butene and 1-butene are kome. 
(4) dan isomers of a compound are mirror image of each other and is known as az. 
[Roorkee Engg. '89] 


(6) m-chloro bromo benzene is on———orchloro. bromo benzene. 
(7) Isomers which ere itr imagesareknownas— — — 
(8) Diethyl ether and— — — are metamers to each other. 
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4.1. Introduction. 

An organic compound is generally consisted of two types of groups or radicals e.g., (i) 
Organic radicals and (ii) Functional group. For example, ethyl alcohol molecule (C;H3OH) is 
composed of (i) ethyl (* СН;) radical and (ii) hydroxyl (-OH) group. The СН; radical is the 
organic radical and -OH group is the functional group in ethy] alcohol. 

1. Organic radicals : The radicals, which are formed by the removal of one or more 
hydrogen atom(s) from a hydrocarbon molecule are called organic radicals. 

(a) The radicals which are derived by the removal of one hydrogen atom from alkanes, are 
called alkyl radicals e.g., methyl radical : (* CH;) is an organic radical. It is obtained by the 
removal of one hydrogen atom from methane. 

H > с Ethyl radical (+ СН;) is formed by the removal of a 
Methane бе hydrogen atom from a molecule of ethane. 
CGH? mU CHE (b) Bi-valent radicals are derived by the removal of two 
ЕЗ Ethyl hydrogen.atoms from alkanes e.g., 
«ıı Methelene radical [ : СН] is derived by the removal of two hydrogen atoms ый а 
molecule of methane. 
(ii) Ethyledine [CH3C:] radical is 


-H 
obtained by the removal of two hydrogen nee > HC = CH? 


atoms from one molecule of ethane. a i 
(с) Vinyl radical and allyl radicals ае H,C = CH - CH, p H,C = CH – СН, 
derived by the removal of one hydrogen atom Allyl radical 
from ethylene and propylene respectively. H H H 
Thus, an organic radical is a group of H- e H-C-C- H,C=C- 
atoms which behaves like a single unit and HH H 
contains unpaired electron(s). майу Ethyl Vinyl 
€ Some of the important organic radicals are given in the table below : 
Name of the radical 
Methyl [Me] 
Ethane сн, Ethyl [Er] 
Propane сн mpropyl [Pr] 
Propane сн Iso-propyl [Iso pr] 
Butane CiHio Butyl [Bu] 
Butane сн Sec butyl [Sec bu] 


Vinyl or elhenyl 
Al 
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The alkyl radicals are generally represented by R.R' etc. The general name of the organic 
radicals arising from aromatic hydrocarbons are called ‘Aryl’ radicals and are represented 
as Ar. 


Organic radical functions as a unit and generally remains uneffected in organic reactions. 


СН. тізе Эн сне Ky, — CH,CN e> CHCOOH 
Methane Diffused sunlight Methyl chloride Methyl cyanide : Acetic acid 


Thus we see that the organic radicals are the stable parts of the organic molecules and are 
less reactive. 

4.2. Functional groups. 

The number of organic compounds is vast but it he beer possible to divide these vast 
number of organic compounds into a small number of classes such as hydrocarbons, alcohols | 
alaehydes, ketones, acids etc. It is found that each compound in a.class has specific atom бг 
group of atoms which mostly determines thé chemical propertiés of the compound. Thus the 
chemical similarities of members of any particular class is due to the presence of a common 
radical in them. 

Forexample, the chemical properties of alcohols depend on the presence of hydroxyl COH) 
group. Similarly, the chemical properties of carboxylic acids are due to the presence of -COOH 
group. Such groups upon which the chemical properties of different classes of organic 
compounds mainly depend, are called functional groups. A functional group distinguishes one 
class of compounds from the others. Thus, 

A functional group is an active atom or group of atoms within the molecule, the presence 
of which determines the functions or chemical activities of that compound. 

Some important functional groups and the class of compounds they represent are given in 
the following table. 


Class of compounds General formula Formula of the Name of the functional 
of compounds functional group group 
(1) Paraffins or alkanes ее سا‎ 


(2) Olefines or alkenes c Han 


АБ 
(4) Alkyl halides or Halo alkanes & Hai X 
X =F, Cl, Br, I 


(5) Alcohols or alkanols 
[кок —] 


(6) Ethers or alkoxy alkanes 
(7) Aldehydes or alkanals R-C-O 


à 
(8) Ketones or alkanone 51 
(9) Fatty acids or alkanoic acids R- is =O 

OH 


(10) Acid amides or alkanamides R $ =O 


(11) Esters or alkyl alkanoates R- AC 
OR 
(12) Alkyl amines or amino alkanes амь [| огы | 
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General formula Formula of the 
of compounds functional group 


Class of compounds Name of the functional 
group 
Cyano 


Acid halide 


(13) Alkyl nitrile 
(14) Alkanoy! halides or acid halides 


(15) Nitro alkanes Nitro 


(16) Secondary amines or 


Secondary 
alkyl amino alkanes 


amino 


(17) Tertiary amines or di alkyl 
amino alkanes 


Tertiary amino 


ө Characteristics of functional groups : 


(i) The physical and chemical properties of compounds having different functional groups 
are different. 


(ii) The same compound may contain more than one different functional groups e.g., in 
tartaric acid molecule, there are two -ОН groups and two -COOH groups. Consequently 
tartaric acid exhibits the properties of alcohol as well as the properties of acid. The compounds 


Sun having only one functional group are called mono functional com- 
pounds and those having two or more functional groups are called poly 
НО CODH functional compounds. 
H — C— COOH (iii) The chemical properties of compounds having same functional 
groupare similar. For example, the compounds which contain hydroxyl 
OH group (-OH) are alcohols e.g., methyl alcohol (CH; OH), ethyl alcohol 
Tartaric acid 


(С.Н; OH). They exhibit similar chemical properties. For example, 
(a) both of them react with Na with the evolution of H2. (b) Both of them react with PCl; with 
the formation of HCI, POCI; and alkyl chloride. (c) Both of them are oxidised to give aldehydes. 


(a) 2CH30H +2Na—> 2CH; ONa+ H}? (b) CH;OH + PCIs > CHC! + НСІ + POCI; 
2C:H;OH+ 2Na— 2C,HsONa+ H;T С.Н;ОН + PCI; — C;HsCI* НСІ + POCI; 


10] 
CH,OH — —» HCHO + Hi 


“Formaldehyde 
10] 
CH,CHOH xs CH;CHO + ЊО 
: Acetaldehyde 


(iv) In organic reactions, the organic radical of a compound remains unaffected but the 
functional group of the compound takes active part in the reaction. This can be clearly shown 
in the following reactions. 


o СНО o, CHAICOOH} mm, снсой 
Ethyl alcohol oxidation мы 299107 Acetic acid Acetamide 
(v) Due to the presence of functional groups, the identification of all compounds having а 
particular functional group becomes easy. 
(vi) In addition to their role in the classification of a vast number of organic compounds, 
the functional groups serve as the basis for the I.U.P.A.C. naming of different organic compounds. 
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4.3. Homologous series. 

_The vast number of organic compounds have been grouped into a number of series 
depending upon their similar chemical properties and molecular structures. As for example, 
methane [CH4], ethane [CH], propane [C3Hg], butane [C4H;o] etc., belong to the series of 
saturated hydrocarbon. Each of them can be represented by the general formula C,H», ,?. They 
exhibit similar chemical properties and it can be noticed that there is a difference of CH; unit 
between any two consecutive members of the same series. All the members of this series can 
bepreparedby similar methods. Otherclasses of compounds such as, unsaturated hydrocarbons, 
aldehydes, ketones, acids, amines etc., also form such series. Such a series of compounds is 
known as a homologous series. 

Thus, homologous series can be defined as a series of a class of compounds having similar 
chemical properties and structures, which can be represented by a general formula and each 
member of which differ from the adjacent members by one CH) unit. 

The individual members of the series are called homologs. 

АП the organic compounds are grouped into several homologous series, each series 
containing a number of similar compounds. 

€ The characteristics of a homologous series : 

(i) Allthe members ofaparticularseries contain the same elements and same functional group. 

(ii) All the members of a series can be represented by the same general formula. 

(iii) Each homologue of a series differs in the molecular formula from the homologue 
above or one below it only by a CH unit. 

(iv) The molecular weight of every two immediate members differs by 14 (CH; = 12+ 2.= 14), 

(v) All the members of a particular series can be prepared by the same methods. 

(vi) All the members of the series exhibit similar chemical properties due to the presence 
of same functional group in them. In some cases of course, the first member of the series may 
differ in some chemical properties from the rest. р 

(vii) Thereisa regular gradation in the physical properties like melting point, boiling point, 
density etc., with the increase of molecular weight in the series. 

Thus by studying one or two important members of a particular series, it is possible to get 
a fair knowledge of the rest of the members. Consequently the study of the huge number of 
organic compounds has become some what easy, as it is not necessary to study each and every 
organic compound individually like that of inorganic compounds. Hence it may be fairly said 
that, study of organic chemistry is the study of homologous series. 

Some important homologous series with their general formula, functional groups and 
names of individual members are given in the following table. 


Paraffins or 
Alkanes C, Han. 1 
(1) CH (1) HC = CH; 
Methane Ethylene or Ethene 
(2) GH, (2) CH; = CH = CH? (2) CH; C= CH 
Ethane Propylene or propene Methyl acetylene 
orp 
(3) СзНь (3) CH; - CH = CH - СН; 
Ргорапе Butelene or 2-butene 
(4) Ci Hio (4) CHa - CH = CH - CH; - СН; | (4) HC = C - CH; - CHa 
Butane 2-Pentene Ethyl acetylene or, 
1-butyne 
(5) СН 5) СН; = CH - CH; - CH; = CH; | (5) СН; —С = C= CH; = CHs | (5) CsH OH 
Penfone Я T-Pentene : ; methyl Pentanol 


2- of 
aly oca 
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Aldehydes 


CiHans CHO 
(1) CH; CO CH; (1) HCOOH (1) CH; - O - CH; 
“` Acelone or; Formic acid or, Dimethyl ether or, 
Propanone Methanoic acid Methoxy methane 
(2) Сн, CHO (2) CH; CO CH, ` (2) CH; COOH (2) CH; = O - CH; 
Acetal le or, Methyl ethyl Acetic acid or, Methyl ethyl ether 
or 2-Butanone Ethanoic acid or, Methoxy ethane 
(3) CHs CHO (3) GHsCO CH; (3) Сн. COOH " (3) um O- GH; 
Propionaldehyde or, Propanoic aci or, 
пена " ы КА * кы elhane 
(4) C3H7 CHO (4) C3H7 CO СН; (4) CH, COOH (4) C3H7 - O - СН; 
Butoraldehydeor, |. ^ Propylethyl ketone Butyric acid or, Propyl ethyl ether 
Butanal or 3-Hexanone Butanoic acid or Ethoxy propane 


4.4. Classification of organic compounds. 

It has already been seen that millions of different organic compounds can be formed by the 
combination of carbon and few other elements. It would be rather impossible to study each of 
these compounds individually. Consequently it is essential to group these huge number of 
organic compounds into classes which can be treated collectively. In practice, the organic 
compounds are classified into four main types according to their molecular structure, 
properties and functional groups. 

@ Aliphatic compounds : Organic compounds which consist of open chain of carbon 
atoms are known as aliphatic compounds. 

Some of the important classes of aliphatic compounds are discussed here. 

(1) Hydrocarbons : Compounds which contain only carbon and hydrogen, are known as 
hydrocarbons. Hydrocarbons are of two types— Saturated hydrocarbons and unsaturated 
hydrocarbons. 

(I) Saturated hydrocarbons : The hydrocarbons in which, each of the carbon atoms is 
linked with one or more of its adjacent carbon atoms by single covalent sigma bonds and the 
rest of the valencies of the carbon atoms are linked with hydrogen atoms by covalent sigma 
bonds, are known as saturated hydro carbons e.g., 

H 


H 
| 
H-C-H H-¢-¢-H H- ç- c- ç- H 
H H H x H uo. 
Methane Ethane 

Saturated hydrocarbons are also called alkanes or paraffins. ats туд are represented by the 
general formula С,Н,, + 2. Alkanes are completely non-polar. As the carbon atoms in alkanes 
are in sp? hybridised state they are inert to chemical reagenis. 

An alkane containing four or more carbon atoms may form open chain which may be 
straight or branched. 

(i) Normal alkanes : The alkane in which the carbon atoms are linked with each other by 
single covalent bonds with the formation ofa straight chain is called normal alkane. In this type 
of hydrocarbon, a carbon atom is attached to one other or two other carbon atoms e. 25 

CH; - CH; - CH CH; - CH; - CH; - CH, 
Normal propane Normal or n butane 
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(ii) Iso-alkanes : The alkane which consists one branched chain is called iso-alkane, In 
this type of alkanes one carbon atom is linked with three adjacent carbon atoms e.g., 


н, Hs 
CH; - CH - CH CH; - CH - CH; CH; 
Iso-butane Isó-pentane 


(iii) Neo alkanes : The alkane which contains two branched chains on the same carbon 
atom is called neo-alkane. This type of alkane contains a carbon atom which is attached to four 


other carbon atoms e.g., H 
s 
CH; : = CH; 


Hs 
Neo-pentane 
e Classification of carbon atoms is alkanes : 
The structural formulae of alkanes exhibit four types of carbon atom. 


(i) Primary or I? carbon atom : А carbon atom which is attached to one other or no other 
carbon atom is called primary or 1° carbon atom e.g., 


Н ^ 1* carbon atom 71° carbon atom 
H-C-H ČH,- CH; - CH, 


(ii) Secondary or 2? carbon atom : A carbon atom in a compound which is attached to two 
other carbon atoms is called secondary or 2? carbon atom. As for example secondary iso- 
propyle alcohol. In this compound the C carbon atom is 2°carbon atom. 


Н + 2° carbon atoms 


* 

CH; ~Ç -OH 
Н; 

Iso propyl alcohol 


(iii) Tertiary or 3? carbon atom : А carbon atom in a compound which is attached to three 
other carbon atoms is called tertiary or 3? carbon atom e.g., tertiary butyl alcohol. 


Н, 3° carbon atoms 
CH;- Е он 
Н, 
Tert butyl alcohol 
(iv) Quarternary or 4°carbon atom : A carbon atom in a compound which is attached 
to four other carbon atoms is called quarternary carbon atom e.g., neo-pentane. 


Н, „> 4? carbon atoms 
HC e CH; 
Hs 
Neopentane 
The four types of carbon atoms are shown below in a compound having the following 
structure, p сњ 
у o — EU — ү” 


‘carbon 2l. 1° carbon 
atom 
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(ID Unsaturated hydrocarbons : 
Hydrocarbons containing one (or more) carbon-carbon double bond(s) or one (or more) 
carbon-carbon triple bond(s) in their molecules are known as unsaturated hydrocarbons. 

(a) Alkenes or Olefins : The hydrocarbons which contain one (or more) carbon-carbon 
double bond(s) (C.= C) in their molecule, are called alkenes or olefins. 

Alkenes are represented by the general formula C,H), (л = number of carbon atoms). The 
two carbon atoms in alkenes which are linked by double bond are sp? hybridised. They are 
bonded to each other by a sigma bond and a pie bond. 

Alkenes are more reactive than alkanes due to the presence of 7 bond in it. They undergo 
addition reactions due to the avai lability of л electrons. Ethylene is the first member of alkene 
series and propylene is the second member. 


3 i 
H-C=C-H H=C=C-CH; 
Ethylene Propylene 


(b) Alkynes or Acetylenes : The unsaturated hydrocarbons which contain one (or more) 
carbon-carbon triple bond(s) in their molecule, are called alkynes or acetylenes. 

Alkynes are represented by the general formula C, Ha, -2 (п = number of carbon atom). 

The two carbon atoms in alkynes which are attached by a triple bond are sp hybridised. They 
are bonded with each otherby one sigma bond and two pie bonds. Like alkenes, the alkynes also 
undergo addition reactions due to the presence of pie electrons. 

Acetylene is the first member of the alkyne series. Methyl acetylene is the second member. 

H-C=C-H CH,;-C=C-H 
Acetylene Methyl acetylene 

@ Alicyclic hydrocarbons : In addition to the open chain hydrocarbons, there are many 
closed chain hydrocarbons such as alicyclic hydrocarbons e.g., cyclo pentane, cyclo hexane 
etc., and aromatic hydrocarbons e.g., benzene. ; 


CH. 
i Ба ce 
TORN M ү 
HC CH 
ا‎ Жее WS T HO. AH 
2 2 CH 
Cyclo pentane Cyclo hexane Benzene 


(2) Alcohols : Alcohols are compounds whichare formed by the replacement of one or more 
hydrogen atom(s) of open chain hydrocarbons by hydroxyl group(s). 

The functional group of alcohols is hydroxyl [-OH]. Alcohols are classified as monohydric 
alcohols, dihydric alcohols, tri hydric alcohols and poly hydric alcohols. 


Alcohols containing one hydroxyl group are called monohydric alcohols. 


Alkane +[-OH] Alcohol 

CH, gemi PR CH,OH 
Methane on Methyl alcohol 

С.Н, С,Н;ОН These alcohols аге mono-hydric alcohols 
Ethane Ethyl alcohol 

-OH 

C.H, b C,H;OH 

Propane Propyl alcohol 
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Alcohols which contain two hydroxyl groups are called di-hydric alcohols. 
Alkane Alcohols 
CH 
2н јон). (НОН his a dihydric alcohol 
CH; "2н CH,OH 
Ethane Ethylene glycol 
Alcohols which contain three hydroxyl groups are called tri hydric alcohols. 
Alkane Alcohols \ 
сн CHOH 
30H 
ÇH: ED, CHOH. Ан Soho! 
CH; CH;OH 
Propane Glycerol 


led into primary, secondary and tartiary alcohols. 


е carbon atom bearing the hydroxyl group, 
pe of alcohols contain 
| g rdrdeahe ae Л. 


[-CH;OH] group e.g., 
н -[CH; OH] CH; CHa он! CH; - CH; - ICH; он! 
Methyl alcohol Ethyl alcohol n-Propyl alcohol 
(b) Secondary alcohols are those in which the carbon atom bearing the -OH group, 
contains one hydrogen atom. This type of alcohols contain [> СНОН) group e.g., 
CH; =Ç H CH, cH iC H— CH; —CHs 
on} он 
Iso-propyl alcohol Secondary butyl alcohol 
(c) Tartiary alcohols 


are those in which the carbon atom bearing the -OH group does not 
contain any hydrogen atom. This type of alcohols contain [> COH] group e.g., 


me =} 
HC d OH; 


CH; 
Tertiary butyl alcohol 
(3) Halogen derivatives of alkanes— alkyl halides : 


Compounds which are, formed by the replacement of one or more hydrogen atoms of: alkanes 
by halogen atom(s) are known as halogen derivatives of alkanes. Some examples of such 
halogen derivatives are given here. 
Monohalogen derivative Methyl chloride (CHC). 
Dihalogen derivatives — Methelene bromide (CH5Br;). 
Trihalogen derivative > Trichloro methane or chloroform (CHCl). 
Tetra halogen derivative > Carbon tetra chloride (CCl). 
When the halogen atom is attached to primary. carbon, the alkyl halide is called primary 
alkyl halide e.g., methyl chloride (CH3CD) ethyl chloride (CHà—CH2—CD- 
When the halogen atom is linked with the secondary carbon atom, the 
secondary alkyl halide e.g., 
[CH; — qu — CHs] 


Br 


alkyl halide is called 1 
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When the halogen atom is bonded with the tertiary carbon atom, the alkyl halide is called 
tertiary alkyl halide e.g., 


Tert butyl chloride 
(4) Carbony: compounds—Aldehydes and Ketones : Both aldehydes and ketones contain 
carbon-oxygen double bond (>С = О) which is known as carbonyl group. Consequently, the 
aldehydes and ketones are referred to as carbonyl compounds. 
(a) Aldehydes : In aldehydes, the carbon atom of the carbonyl group is bonded to one alkyl 
group and one hydrogen atom. The functional group of aldehydes is [ x = O]and the general 


formula of aldehydes is represented as R — fi = 0, H 
H 
The first three members of aldehydes are— 
Eo CH =C='0 oso 
H H H 
Formaldehyde Acetaldehyde Propionaldehyde 
or Methanal or, Ethanal or propanal 


In aliphatic aldehydes, the — CHO group occurs at the end of carbon chain. 

(b) Ketones : In ketones the carbonyl carbon atom is bonded to two alkyl groups. These 
alkyl groups may be same or different. Thus the functional group of ketones is keto group 
[> C = О]. The general formula of ketones may be represented as— 


R- = =0 R- ç =0 
R R' 
Simple ketone Mixed ketone 
Simple ketones : CH; ST =0 CH; – ç =0 
CH; C;H; 
Acetone or di-methyl ketone Di ethyl ketone 
Mixed ketones : СН, – 7 =0 CH; – € =O 
GH; CH; 
Methyl ethyl ketone Ethyl propyle ketone 


(5) Carboxylic acids : The compounds which contain one or more carboxyl group(s) 

[- ç 7 О] are known as carboxylic acids. 
OH 

They are classified as mono, di, tri carboxylic acids according to the number of carboxylic 
group present in their molecules. 

(a) Carboxylic acids containing one carboxyl group are called mono carboxylic acids. 

(b) Carboxylic acids which contain two carboxyl groups are called di carboxylic acids. 

(c) Carboxylic acids which contain three carboxyl groups are called tri carboxylic acids. 

The functional group of carboxylic acid is [ -€ = О] and the general formula of mono 


OH 
carboxylic acid is represented:by R — COOH. The first four members of carboxylic acids are, 
H-C=0 CH;-C-0 CGH;-C-0 CH; CH; CH; - C =O 
T Y T die 


OH OH OH 
Formic acid Acelic acid Propionic acid Bulyri tid 
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Important di basic acids are oxalic acid and succinic acid. 


сова £n COOH 
COOH CH, СООН 
Oxalic acid Succinic acid 


(6) Derivatives of carboxylic acids : The compounds in which the hydroxyl part of the 
carboxyl group is replaced by other groups such as alkyl group, halogen, amino group (NH) 
etc., are called carboxylic acid derivatives. 

[A] Acid chlorides : The compounds which are derived from carboxylic acids by the 
replacement of -OH group by chlorine atom are called acid chlorides. 

The general formula of acid chlorides is represented as R COCI. These compounds are also 
called acyl chlorides as they contain the acyl group [R — лу = 0] 


ето сњ-сњ-6=0 


СІ СІ 
Acetyl chloride Propionyl chloride 
[B] Esters : Esters are derived from carboxylic acids by the replacement of -OH group 
by -OR group. The general formula of esters of mono carboxylic acids is К COOR' where 
R = Н or alkyl group and R' same or different alkyl group. 


Hoe Nu vo chee EEE 
OCH; OCH, OCH; OCH; 
Methyl formate Methyl acetate Ethyl acetate Ethyl propionate 
Examples of esters of dicarboxylic acids are diethyl oxalate, dimethyl succinate. 
((O0 CH; CH; COOCH; 
COOCH; CH, COOCH; 
Di ethyl oxalate Di methyl succinate 


[C] Acid amides : The compounds which are formed by the replacement of -OH group 
of carboxylic acids by the amino group (-NH;) are called acid amides. 

The functional group of this class of compounds is amide group [-CONH;]. The 
general formula of acid amides derived from mono carboxylic acid can be represented as 
К CO NH; e.g., 


CH; rÇ 20 н-С=О 
NH; NH; 
Acelamide Formamide 


[D] Acid anhydrides : 
Acid anhydrides are formed by the replacement of -OH group of acids by (-O COR) e.g., 


о 
1 1 D] 1 
CH;-C-0-C-CH; CH; -C - O -C - CH; 
Acetic anhydride Propionic anhydride 


(7) Ethers : Compounds which contain two alkyl groups attached to an oxygen atom, are 
called ethers. 

The functional group of ethers is [-O-]. They can be represented by the general formula. 

R-O-R' where R and R' may be the same or different. 
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When the two alkyl groups are same, the ether is called simple ethers e.g., 


CH; - O - CH; CH, - O CH; 
Dimethyl ether Diethyl ether { 
When the two alkyl groups are different, they are called mixed ethers e.g., 
CH; - O - С.Н; C;H;- O - CH; 


Melhyl ethyl elher Ethyl propyl ether 
(8) Amines : Amines are formed by the replacement of one or two hydrogen atoms of | 
ammonia, by alkyl or aryl groups. The amines are classified as primary, secondary and tertiary 
according to the number of alkyl groups attached to the nitrogen atom. 
(a) Primary amines— contain only one alkyl group attached to the nitrogen atom e.g., 


CH; = NH; СН, - NH; СН; - NH; 
Methyl amine Ethyl amine Aniline 
(b) Secondary amines— contain two alkyl groups attached to the nitrogen atom e.g., 
CH; — NH CH; – NH 
CH; C;H; 
Di methyl amine Ethyl methyl amine. 
(c) Tertiary amines— contain three alkyl groups attached to the nitrogen atom e.g., 
$e a 
CH; - N - CH; CH; - C - СН; 
Tri methyl amine Ethyl di methyl amine 


(9) Cyanides or Nitriles : The compounds which contain the nitrile group (-CN) are 
called cyanides or nitriles e.g., 


CH; CN C;H; CN CH; СН, CH; CH; CN 
Methyl cyanide Ethyl cyanide n-Butyl cyanide 
or Ethane nitrile or Propane nitrile or Pentane nitrile 


4.5. Nomenclature of Organic Compounds. 

In the early days of organic chemistry, the chemists used to give individual name to each 
new compound on the basis of its source, property possessed by that compound. 

Thus, methyl alcohol was named as wood spirit as it was originally obtained by the 
destructive distillation of wood. Formic acid was so named as it was first prepared by the 
distillation of red ants (latin name— formica). Butyric acid was named according to its natural 
source butter. 

The name which is given to a compound without any reference to its structure is called 
Common name or Trivial name. 


€ I.U.P.A.C. system of nomenclature. 

. With the rapid progress of organic chemistry, the number of known organic compounds 
increased vastly and consequently, it became impossible to give individual name to each 
compound. So it became very essential to find out a systematic method of nomenclature with 
a reference to the structure and class of the organic compounds. 
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In.1967, International union of pure and applied chemistry, became successful to bring out 
a scheme for giving systematic names to organic compounds on the basis of their structures. 
This system of nomenclature is known as IUPAC system. It gives us an insight into the structure 
of the molecule which unables us to write down the correct structural formula of a compound 
simply by knowing its IUPAC nomenclature: , 

The IUPAC names of various organic compounds belonging to different homologous series 
are discussed below. 

1. Alkanes : 

(a) Trivial system of nomenclature : 

The trivial names of the first four members of alkanes are Methane (CH,), Ethane (C1H6), 
Propane (СУН) and Butane (СН). The alkanes having the number of carbon atoms 5 and 
onwards, are named by adding ‘ane’ to the greek numerals pent (5), hex (6), hept (7) ete., to 
denote the number of C-atoms in the molecule e.g., the name of an alkane having 5 carbon 
atoms is pent + ane = pentane. The name of alkane having 7 carbon atoms = Нер + ane = 
Heptane. 

In trivial system, the straight chain alkanes are designated as normal alkanes and this is 
indicated by prefixing 'n" tg the name of the alkane. Thus the common name of a straight chain 
alkane of structure СН, CH; CH; CH; is n-butane. The name of structural formula CH; CH; 
CH; CH; CH; CH; is n-hexane. 

In the trivial system all the isomeric alkanes have their parent names and different isomers 
are distinguished by prefixessuch as ‘iso’, ‘neo’ etc. The prefix indicates the type of branching 
present in the alkane. 

Prefix ‘iso’ is used to indicate those alkanes which have a methyl group (-CH,) bonded 
to the second carbon atom of the carbon chain. The iso-alkanes have the characteristic group 


1 2 
[CH, - CH -], and not other branches. _ 


CH; 
v ! Т" 
CH; - CH - CH; CH; -CH - CH; ~ CH, 
Iso-butone Iso-pentane 


Prefix ‘neo’ is used to indicate those alkanes which have two methyl groups bonded to 
the second carbon atom of the carbon chain. 

Neo alkanes are known by the presence of a tertiary carbon atom in their molecules.Neo 
alkanes contain (CH3),-C and no other branches. 


He Өн» 
HC» C= CH; HC gC = CH; - CH; 
CH; CH; 
Neo Pentone — . Neo hexane 


(b) IUPAC rules for naming alkanes : $ 

(1) Longest chain rule : In the structure of the given compound, the longest possible 
continuous chain of carbon atoms is to be picked up at first, as the given chain may not be 
necessarily in straight lineAs for example, in the compound given below, there are only five 
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carbon atoms in the horizontal line, but we can select a continuous chain having 6 carbon atoms 
as shown below. 


CH, — CH. poen. 

ТАРТИ: By selecting 5 ЕОР 
CH; 2C - CH; - С — CH, rie UE CH, -CH, дк -CH;- jon CH; 

Мут tis aU d 

'CH,! СН, CH; CH; 

n Li 

icu A continuous chain having 6 carbon 


id atom is obtained 


(2) Naming of the longest chain : The parent name of the alkane is determined by the 
number of carbon atoms constituting the longest continuous carbon chain. The alkane is then 
named by adding ‘ane’ to the greek numerals [except from CH, to C,Hıo where the prefixes 
are derived from trivial names e.g., methane (CH4), ethane (C;H;) etc.]. Thus in the above . 
compound the longest continuous chain has 6 carbon atoms and so the parent name of the 
hydrocarbon will be Hex + ane = Hexane. A list of names of alkanes containing carbon atoms 


1-10 is given below : 
IUPAC names of сеа chain alkanes. 
EE 
siia 
a рава ад та Ерна а. 
| ane | Heptane | C;His 
ane Octane 


Г n IUPAC No. of 
C-atom: name бинада C-atoms 


(3) Numbering of the longest chain—Lowest number rule : The carbon atoms in the 
longest carbon chain thus selected, are then numbered from the end nearest to the side 
chain or substituent so as to give the lowest number to the carbon atoms carrying the 
substituents. 


lowest number 
5 4 3 « a! 1 2 3 4 5 
CH; - CH; - CH; - CH - CH; CH; = CH; - CH; -- -CH- CH; 
Н сњ substituent re Сн, | 
Correct ee Wrong numbering 


(4) Identification of the substituent(s) : The name of the substituent is mentioned and its 
position is indicated by the number given to the carbon atom to Which the substituentis attached. 
5 4 3 2 1 
CH; - CH; - CH; - CH - CH; 


ЕСН; 
бакен 
In the given structure, the substituent is methyl group which is located on the carbon 2 of 
the carbon chain. 


(5) The position number of the substituent and its name is written before the parent name 
of the alkane. The whole name should be written in one word. The position-number and the 
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name of the substituent are separated by a hyphen. This is illustrated in the following structural 
formula. 
Position-number 
5 4 3 2 1 
CH; - CH; - CH; - CH - CH; 


TCH, i> substituent = methyl group 

(i) The longest chain consists of 5 carbon atoms, so the parent name of the compound is 
pent + ane = pentane. (ii) The name of the substituent is methyl group. (iii) Position-number 
of the methyl group is 2. 

So the IUPAC name of the given compound is 2-methyl pentane. 

(6) (a) When two or more identical substituents are attached to different carbon atoms 
of the main carbon chain, their positions should be indicated by lowest possible numbers. To 
denote the number of the substituents, the prefixes ‘di’, tri, tetra, penta etc., are used. The 
position of each substituent is indicated by seperate number. These position-numbers are 
separated by commas and should be put just before the name of the substituent, giving hyphen 
in between the number and the name of the substituent. For example, : 


1 2 3 4 5 5 4 3 2 1 
(D Кыке ss (П) CH; - CH "oc un 


СН, CH; CH, CH, ` 
he the number is given from po If the number is given € right side, 
is present in number 2 and 3 methyl group is found to be present in 
рн i vided ts 2, 3-dimelh pentane poda, and 4 carbon atoms. The name 


becomes-3, 4-di methyl pentane 
The sum of position-numbers in (I) is 2 3 = 5 and that of in (II) is 3 + 4 = 7. As the sum 
of the position-numbers in (II) is greater than that of the (I), the name (1) is correct. 
(b) If two identical substituents are attached to one and the same carbon atom, the number 
is repeated, so that both the substituents are numbered. 


CH; 
1 21753 4 5 
C5 -C-Ch- CH - 88b 
CH; CH; 


2, 2, 4-tri methyl pentane 
(7) Arrangement of prefixes : (a) When two or more different substituents are present on 
longest chain, their names are written before the name of the parent alkane according to the 
alphabetical order. Thus the correct name of the alkane having the following structure is 
3-ethyl-2,2-dimethyl pentane. 


CH; CH; 
1 2. 3 4 5 
CH; - d - CH - CH, - CH; 
CH; 


and not 2, 2-di methyl-3-ethyl pentane. This is because of the fact that out of the two substituents 
present in the alkane e.g., ethyl and methyl, 'e' of ethyl comes before ‘m’ of methyl according 
to the alphabetical order. 

(b) When two sets of number are equally possible, the alphabetical order of the 
substituents should be followed to decide which set should be used. For example, 


1 2 3 4 4 3 2 I 
CH,Br - CH; - CH; - CH;CI СН,Вг - CH; - CH; - CH;CI 
1-Bromo-4-chlorobutane 1-Chloro-4-bromo butane 
(Correct name) (Wrong name) 
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(8) When two substituents ar^ attached to the same carbon atom and one or two 
substituents are attached to the other carbon atoms of the parent alkane, two sets of numbers 
denoting the positions of the suh-t ituents can be obtained, according as the carbon atoms are 


numbered from left or right o! the main alkane chain. ; 
їп such case, the correct name is obtained, if the numbering of the carbon atoms is started 
from the end which gives the lower value of the sum of the numbers given on the carbon atoms. 
For example, 
CH; CH; 
Шр 2) -3 4 5 5 дүз 2 1 
@) CH.- C CHERCHER ш) Hans CCB Hac HS 
CH; CH; А CH; CH; 
Ifthe numbering is started from the left side, Ifthe numbering is started from the right, we 
we get the name 2,2, 4-Trimethy| pentane get the name, 2, 4, 4-Tri methyl pentane 
Here the sum of numbers =2+2+4=8 Here the sum of numbers =2+4+4= 10 
As 8 < 10, so the name ® on the left hand side is correct. 
e Example. 
The procedure of finding out the IUPAC nomenclature of a given molecular structure of a 
compound is shown below. & e 2 


(a) Given structure > CH; — CH; —ien 


) Longest chain > (CH, — CH; 8 
CH; 
çà 
CH; CH; 
а d 6 5 la 3 22 1 
(c) Numbering of C-atoms > CH;— CH, — CH; — CH CES CH; — CH; 
CH; 
p Direction of numbering 
(9). Names and CH Parent alkane, 
Position-numbers * name—Heptane 
of the substituents Н, 
and name of A EE ё CASES a Erde ciet 
parent alkane. eim mm да А dignum em si 
3, 3-Dimethyl 


(e) Full name : 4-Ethyl-3, 3-dimethyl heptane. 
These rules are also applicable to the compounds of other homologous series. 
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The common and IUPAC names of some alkanes are given here. 


Number of Structure Common name IUPAC name 
C-atoms in the 
longest chain a 
A сн, Methane | Methane 
2 CH;-CH3 Ethane Ethane 
3 CH3. CH; СНз Ргорапе Ргорапе 
4 CHa CH; CH; СНз n-Butane Butane 
3 сн сн сњ Iso butane 2-Methyl propane 
CHa 
5 оне бньнгСњ Бо pentane 2-Melhyl butane 
CH; Ê 
"ge 
3 CHs-C-CHs Neo Pentane 2, 2-Dimelhyl propane 
А CH, 
5 CH; сн, сњ сњ сн; п-Рапіапе š Pentane 
5 CH CH, eH cH Ch, Е 2, 3-Dimelhyl pentane 
exl CH; CH; = 
CH; \ CH;CH; 
4 3.4 1 sun aL. al 1 
(1) CH;-CH-CHz-CH-CH; (ii) CHj-CH;—C—CH-CH; 
5.6 | | 
CH; CH; CH; 
2, 2, 4-Tri-methyl hexane 2, 3, 3-Trimethyl pentane 
(iii) Me = methyl £n ps a 
- 2 2 CH, 
M A soap ni ome 
Mex. Me HC С? CH, 
3 “2 AL 
Me Хону “оні 


CH; CH; 
‘ 3, 4-Dielhyl-3, 4-dimethyl heptane 
ө Cyclo alkanes : Closed chain saturated hydrocarbons are called alicyclic compounds. 
Simple alicyclic compounds are named by prefixing 'cyclo' to the names of the corresponding 
open chain alkanes. 


CH, HC ACH, HC H; 

p". but | HC CH; 
Hi —— eee Ho MLC H “н 
Cyclopropane сеи Cyclopentane 


CH-11/40 
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Substituted cycloalkanes are named as Alkyl cycloalkanes. The substituents on the ring are 
named with their position-numbers. The ring is numberd in such a way so that substituents get 
the lowest possible numbers. 


CH,CH, CH.CH.CHs ge 
37 Hs 
à 6 
5 
Ethyl cyclo 1-Cydopropyl propane 1-Ethyl-2-methyl 
hexane (not propyl cyclo propane) cyclo hexane 


2; Nomenclature of alkenes or olefins : 

(a) According to the trivial system the names of the alkenes are derived from the 
corresponding alkanes by changing the suffix ‘ane’ into-ylene. Alkane -ane — Alk. ; 

Alk + ylene > Alkylene e.g., 
Propane — ane —› Prop; 
Prop + ylene — Propylene. 

In trivial system the position of the double bond in alkene is denoted by the letters 
a, В, у etc. 

(b) IUPAC nomenclature of alkenes : The procedures for naming the alkenes according 
to the IUPAC system, are given below— 

(i) At first the longest carbon chain containing the double bond is selected. The parent 
name of the alkene is determined by the number of carbon atoms constituting the longest 
chain. 

(ii) The name of the alkene is obtained from the corresponding parent-alkane which 
constitute the longest chain. The suffix 'ane' of the parent alkane is replaced by ‘ene’. 

Alkane -ane — Alk. . Alk + ene — Alkene. 
ies Alkane-ane +ene — Alkene. Butane— ane — But; But+ ene —> Butene. 

(iii) The carbon atoms in the longest chain thus selected are numbered from the end nearest 
to the double bond. 

(iv) The position of the double bond is denoted by the number of the first carbon atom 
forming the double bond. 

(v) Alkyl groups and other substituents are numbered and the number of the substituents and 
their names are placed as prefixes in alphabetical order. 

(vi) Alkenes having two double bonds are named as alkadienes, e.g. 


I 2 3 4 5 

HC = CH- CH;- CH = CH; name— Penta-1, 4-dienes or, 1, 4-Pentadiene. 

(vii) In cases of cyclo alkenes, the ring is numbered in such a way so that the double bonded 
carbon atoms get the number 1 and 2. The direction of numbering is selected in such a way sO 
that the substituents get the lowest numbers. The position of the double bond need not be 
mentioned. 


Cyclo hexene pu SMa ydo 
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The common and IUPAC names of some alkenes are given here. 
Number of Common IUPAC name 


C-atoms in the name 


longest chain 


H,C=CH, Ethylene Ethene 
H4C—CH-CH; Propylene Propene 
ње. ён, CH=CH, arButylene 1-Виепе 
HC. CH-CH—CH; B-Butylene 2-Butene 
њен, Isobutylene 2-Methyl propene 


CHa 


ш: Le "e "з 4 5 
(i) н,С=с——С=СН, (i) H,C—C-CH-—CH-CH, 
CH, CH; EH CH; 
2, 3-Di methyl buta-1, 3-diene 2, 4-Di methyl-2-pentene 
1 2 3 4 5 6 5 4 3 2 1 
(iii) СН;=СН—СН,—СН=СН, (iv) CH;—CH=C—CH=C—CH, 
1, 4-Pentadiene or penta-1, CH; ‘CH, 
4-diene 2, 4-Dimethyl-2, 4-hexadiene 
CH êd 7 6 cH CHa 2 1 
9 = T (vi) бнубн,—с=Сн—Ен—Сн=Сн, 
i erropa өн 3, 5-Dimethyl-1, 4-heptadiene 
2 
y 22 ~Me 
(ii) Me = 
Me Me 


Name : 3-Ethyl-4, 4-dimethyl-2-hexene 


(3) Nomenclature of Alkynes. 
(a) According to the trivial system the higher members of the series are regarded as the 
derivatives of the first member of this series i.e. acetylene. 
H—C =C—H CH,—C = C—H CH,—C = C—CH; 
Acetylene Methyl acetylene Dimethyl acetylene 
(b) The procedures for naming the alkynes according to the IUPAC system are— 
(i) The longest carbon chain containing the triple bond is first selected. The parent name of 
the alkyne is determined by the number of carbon atoms constituting the longest chain. 
(ii) The name of the alkyne is obtained form the corresponding parent alkane which 
constitute the longest carbon chain. The suffix ‘ane’ of the parent alkane is replaced by 'yne', 
Alkane — апе — Alk; Alk + yne — Alkyne 
or, Alkane.— ane + yne — Alkyne 
Pentane — ane — Pent; Pent + yne — Pentyne 
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(iii) The carbon atoms constituting the longest chain, are then numbered from the end 
nearest to the triple bond. 


Eb ТИК ЧИЕ А 
C—C—C=C—C € direction of numbering 
(iv) The position of the triple bond is denoted by the number of the first carbon atom forming 
the triple bond, e.g., number 2 carbon atom in the above case. 


(v) Alkyl groups and other substituents are numbered. The names of the substituents along 
with their numbers are placed as prefixes in alphabetical order. 


(vi) Alkynes having two triple bonds are named as Alka diynes. For example, 


$54.58 2| 1 
H-C=C-CH,-C=CH 


1, 4-Penta diyne 
or, Penta-1,4-diyne 
The common and IUPAC names of some alkynes are given here. 
Number of C atoms Structure 


in the longest chain 


H-C=C-H Acetylene 
HC-C=C-H Methyl acetylene 
| нС-Сн,-С=сн Ethyl acetylene 
HEC ё-Сн, Di methyl acetylene 


CH, - CH; - Ca C- CH, Ethyl methyl acetylene 


Г 54 3 21 [5522233 4 5 
(i) eG SCTE (ii) Ham = QR CR Ps 
CH; CH, CH; 
3-Methyl-1-pentyne 3,4-Dimethyl-1-pentyne 


or 3,4-Dimethyl реп!-1-упе 


tá [2.2 ЭКИ. - Ө Sa ^o її 
(ii) H-C=C-C =C -CH – CH, (iv) HyC - CH - C = C - CH; 


Н; 
1, 3-Hexadiyne 4-Methyl-2-pentyne 
or Неха-1, 3 diyne or 4-Methyl pent-2-yne 


1 he So Tae tai IUE Ц pni got, i 
(у) CH= Ca C> CH -CH- CH; (vi) HC=C-C=CH 


CH; 
5:Melhyl-2-hexyne 1; 3-Butadiyne 
or 5-Melhyl hex-2-yne or Buta-1, 3-diyne 
CH; CH; 
5 4.3 2 1 5 4 3l 2151 
(vii) HC = C - CH; - СН = CH; ^. (viii HC = C- CH-C- CH; 
Pent-] -ene-4-yne 2, 3-Dimethyl pent-1-ene-4-yne 


(4) Nomenclature of hologen derivatives of alkanes : 


(a) According to trivial system, a mono hologen derivative of alkane is named as the halide 
of the alkyl group to which it is attached. 
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(b) The IUPAC names of the alkyl halides can be obtained by following the steps given 
below- 

(i) The longest chain containing the halogen(s) is selected which gives the name of the 
corresponding alkane. 

(ii) According to the presence of halogen, the name of the alkane is prefixed by chloro, 
bromo, iodo or fluoro. 

(iii) The carbon ch::.n is numbered in such a way so as to give the carbon atom carrying the 
halogen atom, the lowest possible number. 

(iv) Alkyl groups and other substituents are numbered. The number of the substituents and 
their names are placed as prefixes in alphabetical order. If two or more halogen substituents are 
present, the prefixes di, tri, tetra etc., are used. Some examples are given here— 


4 3 2 1 5 4 3 2s 
© CHs-CH-CH,-CH,CI (ii) CH;-CH-CH-C-CH; 
cl Br асн 1 


1, 3-Dichloro butane 5-Bromo-3, 4-dichloro-1-pentene 
or 5-Bromo-3, 4 dichloro pent-1-ene 


CI Cl 
4 3. 2 1.21 3 
(ii) CH;-C= "hs (iv) снесен; 
cl CI 
1, 1-Dichloro-2-butyne 2, 2-Dichloro propane 
Br 
112773774765 1 2: 3| 4! X 
(у) HC =C-CH-CH-CH; (vi) Свв СС = ССІ 
Or CI Br 
3, 4-Dichloro-1-pentyne 3, 3-Dibromo-5-chloro pent- 
or 3, 4-Dichloro pent-1-yne 1-епе-4-упе 


Вг 
А ESE | 
(vii) снн CEH; 
Br Br 
2, 2, 3-T bromo butane 


1 Qs. 45 
(ix) Certs Ce 
I 
5-Bromo-4-iodo-2-pentyne 


4 5 
С1СН;— CH; 
al B 
(xi) CH- C-re 
CI CH; 
2,2-Dichloro-3, 3-dimethyl pentane 


1 Вега 5 
(уш) Piles Hee HCH, 
c 1 
2-Chloro-4-iodo-2-pentene 


ci 
| 3 4 
(x) съб ёне ён-Сњ, 
а 
|, 1, 1-Ti choro-2-bulyne 
ee ere | 4755, 6 
ош) HyC-C-CH_C=CH-CH, 


СІ Вг 
4-Bromo-2-chloro hexa-2, 4-diene. 
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(5) Nomenclature of alcohols : 
(a) According to common system, the alcohols are named by putting ‘alcohol’ after the 
name of the alkyl group to which the hydroxyl group is attached e.g., 


CH; + OH генен, | OH ген; сн, Сн, | OH 
ا‎ = Г cesi جنیچ بنا‎ e ed 
Methyl alcohol Ethyl alcohol Propyl alcohol 


(b) According to IUPAC system in naming alcohols, the following steps are followed. 

() Longest carbon chain is selected to which the hydroxyl group is attached. 

(ii) The name of parent alkane is obtained by the number of carbon atoms constituting the 
longest carbon chain. Now the name of the alcohol is obtained by dropping the last letter ‘e’ 
from the name of parent alkane and adding ‘ol’ in the place of ‘e’. 

Alkane —e — Alkan, Alkan + ol — Alkanol 
eg, Ethane -e — Ethan; Ethan + ol ¬ Ethanol 

(iii) The carbon chain is numbered in such a way so as to give the lowest possible number 
to the carbon atom carrying the hydroxyl group of alcohol. 

(iv) The position of the hydroxyl group is denoted by the number of carbon to which the 
—OH group is attached. 

(v) The other substituents are numbered. The names of the substituents along with their 
numbers are placed as prefixes in alphabetical order. 

(vi) Alcohols having two or three -OH groups are named as alkane diols and alkane triols 
respectively. In these cases the ‘e’ of the parent alkane name is not dropped out. 

The common and IUPAC names of some alcohols are given here. 
Number of С atoms 
in the longest chain 
1 


IUPAC name 


Methanol 
Ethanol 


Propanol 


CH;-CHz-OH 
CH.-GH;-CH;OH 


2 
3 


CH3-CH(OH)-CH; 2-Propanol or Propan-2-ol 
CH;-CH;zCH;CH;OH | n Butyl alcohol 1-Butanol or Butan-1-ol 
снн Oh Sec. butyl alcohol | 2-Butanol or Buton-2-ol 
OH 
CH CH-CHOH Iso butyl alcohol 2-Melhy-1-propanol 
CH, er 2-Methyl propan-1-ol 
дн, 
HC OOH Tertiary butyl alcohol | 2-Methyl-2-propanol 
CH; or 2 Methyl propan-2-ol 


CH; 
+ 2 TAa 3 
G) Hê non Gi) H;C-CH-CH-0H 
CH; 2, 2-Di methyl-1-propanol CH; CH; 3-Methyl-2-butanol 


ог. 2, 2-Di methyl propan-1-ol or 3 Methyl butan-2-ol 
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4 3 2:1 
(iii) (His e See 
1 
CH; СН; 


2, 3-Dimethyl-1-butanol 
ог 2, 3-Di methyl butan-1-ol 


4 3 2 1 
(v) CH; -CH(OH)-CH;-CH;0H 
1, 3-Butane diol 
or Butane-1, 3-diol 


CH; 
4 bh 2 
(vii) on d OH 
ji 
CH; CH; 


3, 3-Di methyl-2-butanol 
or 3,3-Di methyl butan-2-ol 


ғ ПЕ maie a 
(ix) HCC m С СВК 
Cl CH; 
3-Chloro-2-methyl but-2-ene-1-ol 


K Ж 1 
(xi) НС = CH-CH;OH 
2-Propene-1-ol 


5 4 32 1 
(xiii) CHC = C-CH(OH)-CH; 


3-Pentyne-2-ol 
or Репі-3-упе-2-0Ї 


ТУА goatee 
(xv) Cil; CHi- CH-CH-CH, 
‘OH CH; 
1-Phenyl-3-methyl butan-2-ol 
OH 
b. 25 And 0 
(xvii) CH,CH,CH,CHCH-CH,OH 
CH;CH; 
2-Ethyl-1, 3-hexane diol 
(хіх) CH,OH 
CHOH 


CH;OH 1, 2, 3-Propane triol 


3, 2 1 
(iv) CH,(OH)-CH,-CH,(OH) 
1, 3-Propane diol 


ДАХ A 1 
(vi) ВС = CH-CH;,-CH,0H 
But-3-ene-1-ol 


1 3 4 
(viii) OHCH,-CH-CH;-CHOH 
CH; CH; 
2-Melhyl pentane-1, 4-diol 


(х) ¢HoH)-CH = ён-Сн, 


But-2-ene-1-ol 
3 


Hs 
(xii) ovn 
1, Hs 


2-Methyl-2-propanol 
or 2 Methyl propan-2-ol 
4 5 


3 
Baldo 41 
(xiv) Сн›-С-СН;-СН;ОН 
CHa 


3, 3-Di methyl-1-pentanol 
or 3, 3-Di methyl pentan-1-ol 


pinta ДӘ губ зк 7 
(xvi) (CH CHSCH-CH-CHAGHICHS 
OH CH=CH, 
4-Ethenyl-2-methyl-3-heptanol 


5 4, 13 2 1 
(xviii) aay cre ЕН, 
OH Br 

2-Bromo pentane-1 , 4-diol 

3 2 
(xx) Сатре 

CH,OH 
Propane-1, 2-diol 
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(6) Ether series : 

(a) According to common system, thetwo alkyl groups attached to the oxygen atom in ether, 
are named in alphabetical order and the word ‘ether’ is added as end word. When the alkyl 
groups in ether are identical, ‘di’ is prefixed to the name of alkyl groups. When the two alkyl 
groups are not same (mixed ether), the smaller alkyl group is mentioned firs! 

(b) According to the IUPAC system, the ethers are named as alkoxy alkanes, i.e., ethers are 
treated as alkanes in which one hydrogen atom is replaced by an alkoxyl group [-O-R]. The 
longer alkyl group denotes the name of the parent alkane. 


Ё Structural formula IUPAC name 
CH3-O-CH; Methoxy methane 
C,Hs-O-CH, Methoxy ethane 
C;Hs-O-C;Hs Ethoxy ethane 
Horê, 2-Methoxy butane 

сњ, 
ЖИНДЕЙ ИГЕ; 2-Methoxy propane 
CH; 
4 3 2 1 
аде аа 2-Ethoxy butane 
O-GHs 
CH; ТО-СН›}—эМеһоху CHjO-CoH;] зећаху 
А l4 "m NE dcos 21. STi end 13752376 
(i) Cui. ch H;-CH-CH; (ii) CH;-C-CH-CH-CH;CH; 
: CH; 
2-Methoxy-4-melhyl pentane 3-Ethoxy-2, 2-di methyl hexane 


(7) Aldehydes : 

(a) According to the common system, the aldehydes are named after the common name of 
carboxylic acids which are obtained by the oxidation of the corresponding aldehydes. The end 
word ‘ic acid’ of the name of the acid is dropped and replaced by ‘aldehyde’ to give the common 
name of an aldehyde. 

For example, formic acid (HCOOH) is formed due to the oxidation of HCHO. Thus, the 
common name of the aldehyde is' obtained as follows : 

Formic acid — ic acid — Form. Form + aldehyde — Formaldehyde. 
Acetic acid  — ic acid — Acet. Acet +aldehyde — Acetaldehyde. 

(b) To get the name of aldehydes according to the IUPAC system, the following steps are 
followed— 

(i) The longest carbon chain containing the aldehyde group (-CHO) is selected and it is 
regarded as parent alkane. 

The name of the aldehyde is obtained from corresponding parent alkane by replacing the 

end alphabet 'e' of the IUPAC name of the parent alkane by 'al'. Thus, 
Methane -e — Methan; - Methan + al —› Methanal, 
Propane —e- => propan ; Propan +al —› Propanal. 
In IUPAC system the aldehydes are called alkanals. 
(ii) The carbon atoms in the longest chain is numbered by assigning number 1 to the 
aldehyde carbon, which is generally omitted as it is obvious that the numbering of carbon chain 
will start from aldehyde carbon atom. 
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(iii) Alkyl groups and other substituents are numbered. The names and numbers of the 
substituents are placed as prefixes in alphabetical order. 

(iv) Aldehydes having two aldehyde groups are named as alkanedial. In this particular case 
(-e) of the corresponding alkane is not dropped. e.g., 


tole 


Number of 
C-atoms in the 
longest chain 


Methanal 


Acetaldehyde Ethanal 
CH3CH;-CHO Propionaldehyde Propanal 
| СНз CH; СН;-СНО n Butyraldehyde Butanal 
n 
Iso butaraldehyde 2-Methyl propanal 


3-Methyl pentanal 


1 
| 2 1 
(ii) CI—C—CH,—C-0 
CI H 
3, 3, 3-Trichloro propanal 


CH; С! 
s. 20090 on oe 
(i) CH,—CH—C—CH, CHO 
cl 
3, 3-Dichloro-4-methyl pentanal 
4 3 2 
(iii) CH,—CH—CH 
ero 
2, 3-Dichloro butanal 


g 


3 2 1 
(v) Сн,—Сн(он)—Сн,—СНО 
3-Hydroxy butanal 


3 
(v) CH;—C—CHO 
CH; 
2 ,2-Dimethyl propanal 


о 
4 з 2 i 
(vii) CH; CH—CH,—C—H 
But-3-ene-1-al 
or 3-Butenal 


о 
16 s 4 з 2.270 
(ix) H—C—CH;—CH;—CH;—CH;—C—H 


1, 6-Hexanedial 


(8) Ketones : 


(a) According to the common system, the names of ketones are obtained by naming the alkyl 


(vi) out CH—CH,—CH, CHO 
H; 
5, 5-4 ede -4-methyl hexanal 


(viii) HC = C—CHO 
2-Propynal 


(viii) CHC = сён, Cn 
Pent-3-yne-1-al 
or, 3-Pentynal 


groups attached to the carbonyl group [>C = O] and adding the word ‘ketone’. 
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(b) According to IUPAC system the names of ketones are obtained by the following steps, 
(i) The longest carbon chain is selected containing the carbonyl carbon atom and it is 
regarded as parent alkane. The name of the ketone is obtained from the corresponding parent 
alkane by replacing the end alphabet 'е' of the IUPAC name of alkane by ‘one’. Thus, 
Alkane — е ¬ Alkan ; Alkan + one ¬ Alkanone. 
Propane - e —› Propan; Propan + one — Ргорапопе. 
In IUPAC system, ketones are named as alkanones. 
(ii) The carbon atoms in the longest chain is numbered in such a way so as to give the lowest 
possible number to the carbonyl carbon. 
(iii) The other substituents are numbered. The names of the substituents along with their 
numbers are placed as prefixes in alphabetical order. 
(iv) Ketones having two carbonyl groups are named as alkanedione. In these cases the 'e' 
of the parent alkane name is retained. For example, 


5 Ni 3 $ 1 
CH,—C—CH;—C—CH; 
2, 4-Pentanedione 


IUPAC name 


2-Propanone 


2-Butanone or 


Л E" Butan-2-one 

CH3 CH; CO CH; CH; 3-Pentanone 

1 eas 4 

Сн;—С—Сн—Сн, 3-Methyl-2-butanone 


b ён 


3 of, 3-Methyl butan-2-one 


O 
Il 
() ©н,—С=сн—сС—Сн, (i) ee m 
CH; 
4-Methyl-3-penten-2-one 2, 4-Dimethyl hexan-3-one 
е wan 3 45 5 4 3 2 1 
(iii) CH,—C—CO—CH, СН, (iv) CH; CH—CH—CO—CH; 
1 Cl 
2, 2-Dichloro-3-pentanone 3-Chloro-4-penten-2-one 
or, 2, 2-Dichloro pentan-3-one or, 3-Chloro pent-4-ene-2-one 
(у) otto ty (vi) ён,—бн—©н—©н,—б=о 
ОН Вг "СН; 
1, 1, 1-Trichloro-2-propanone 4-Bromo-5-hydroxy hexan-2-one 
2 9 Il 
1 а ES 6 
(vii) CH,—CO—CH, CH, CH = CH, (viii) CH,—C—CH;—C—CH;—CH; 
fe E 1 de sd 4 5 6 


2, 4-Hexane dione 
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(9) Carboxylic acids : 
According to the common system, the first few members of mono carboxylic acids are known 
by their old names which are derived from their natural sources e.g., Formic acid, Acetic acid etc. 
(b) According to the IUPAC system a mono carboxylic acid is derived from the parent alkane. 
(i) The longest carbon chain containing the carboxyl group (-COOH) is selected at first and 
it is regarded as the parent alkane, The name of the acid is obtained from the corresponding 
parent alkane by replacing the end alphabet 'e' of. IUPAC name of the alkane by ‘oic acid’, 
Alkane – e ¬» Alkan; „ Alkan + oic acid — Alkanoic acid 
Methane — e > Methan; Methan + oicacid — Methanoic acid 
(ii) The carbon atoms of the longest chain is numbered by assigning number 1 to the 
carboxyl carbon. The number 1 is not used to denote the position of the carboxyl carbon, as it 
is obvious that the numbering of carbon chain will start from carboxyl carbon which is always 
located at the end of carbon chain. 
(iii) Alkyl groups and other substituents are numbered. The names and numbers of the 
substituents are placed as prefixes in alphabetical order. 
(iv) Acids having two carboxyl groups are named as alkane dioic acid. In this case 'e' of 
the corresponding alkane is retained. 


HO—C—CH,—CH,—C—OH 
1, 4-Butane dioic acid 


Number of IUPAC name 
C-atoms in the 
longest chain 
1 Formic acid Methanoic acid 


Ethanoic acid 


2 Acetic acid 
3 Propionic acid Propanoic acid 
3 Iso butyric acid 2-Melhyl propanoic 
acid 
3 Bhydroxy propionic | , 3-Hydroxy propanoic 
ee oat 


Butanoic acid 
3-Chloro-2-mathyl 
butanoic acid 
3-Chloro-4-hydroxy 
pentanoic acid 


Butyric acid 
В chloro-a-methy| 
butyric acid 


2 2 эрий udpa BY 212) 011 
(i) CH= СН-СООН (ii) сис = СН-СН;-СООН 
: CI 
Prop-2-en-1-oic acid 4-Chloro pent-3-en-1-oic acid 
4 3 2 1 85 5 4 3. 3 1 
(iii) СН;-СО-СН;-СООН (iv) CH,CH,CH-CH-CH;-COOH 
Cl CH; 
3-Kelo butanoic acid 4-Chloro-3-methyl hexanoic acid 


or 3-Охо butanoic acid 
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СІ 
ИША Г ba 
(v) CH;-CH= €— (vi) CI- сенен 
CH; C1 
2-Methyl pent-3-enoic acid 2, 2, 2-Tri chloro ethanoic acid 
CH; 
сомитов орнот лае Ag 
(vii) CHBGH EEE CBO (viii) E 
Br CH; 
3-Bromo pentanoic acid 2, 2-Di methyl propanoic acid 
ll ү 
(ix) oct GE BB COH. (х) вон 
'COOH 
1, 5 Pentane dioic acid 1, 2-Ethane dioic acid 


(10) Acid chlorides : 
According to IUPAC system, the names of acid chlorides are obtained by replacing “іс 
acid’ of the corresponding carboxylic acid by '—yl chloride’. Thus, 
Alkanoic acid — ic acid — Alkano 
Alkano + ylchloride — Alkonoyl chloride 
Propanoic acid. — ic acid —. Propano 
Propano + yl chloride — Propanoyl chloride. 


4 RED 1 
CH; СО С1 CH; СН; СН; CO CI 
Ethanoyl chloride Butanoyl chloride 
(11) Esters : The functional group of this class of compounds is 0] 
OR 

According to the IUPAC system the name of an ester consists of two parts. The first part 
is the name of the alkyl group attached to the oxygen atom. The second part of the name is 
obtained from the name of the carboxylic acid by replacing ‘ic acid’ of the name of 
corresponding carboxylic acid by ‘ate’. For example, in naming the following ester . 

uos 
OCH; 

Here, the alkyl group present is ethyl group (-C:H;). The corresponding acid is ethanoic 

acid. Now by replacing ‘ic acid’ of ethanoic acid, by ate we get, 
Ethanoic acid — ic acid — Ethano. 
By adding ate to this we get, Ethano + ate = Ethanoate. 
So the name of the ester is ‘ethyl ethanoate’. 
Nomenclature of esters 


знане 


H COO CH; 


CH; COO CH; 
CH; CH; COO СН; 
C3H; COO СУН; 
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4 3 2 1 4 3 2 1 Й 
(i) mi arri. CH; (ii) са С.Н; 
OH cl 
3-Hydroxy methyl butanoate 3-Chloro ethyl butanoóte. 
(12) Amines : 


(a) According to common system the amines are named by placing the suffix ‘amine’ to the 
name of the alkyl group or groups present in the amines. The names of the alkyl groups are 
placed in alphabetical order. 

Structure 
| eun 


| 
H 


CH binge 
H 

Саун: 
H 

СНВ 


СНз 


Соттоп пате 
Iso propyl'amine 


Methyliamine 


Ethyl amine Ethyl methyl amine 


Di methyl amine 


Ethyl di methyl amine 


Tri methyl amine 


(b) According to IUPAC system, (i) the names of primary amines are obtained by replacing 
the end alphabet ‘e’ of the name of the corresponding alkane by ‘amine’. Alkane — e + amine 
= Alkanamine. A number may be given to denote the position of -NH; group. 


3 
‘a 
yi 2 
CH; NH; CH; CH; NH; CH;-CH-NH, 
Methanamine Ethanamine 2-Propanamine 


(ii) Secondary and tertiary amines are treated as N-substituted derivatives of primary 
amines. Among the alkyl groups which are attached to the nitrogen atom, the largest alkyl 
group is taken as the organic group of the primary amine. The remaining alkyl groups are taken 
as substituents which are named by using prefix N-which denotes their attachment to the 
nitrogen atom. 8 


@) сн ОН; (ii) GES Che GH CH; 
H CH; 
N-Methyl propanamine N, N-Di methyl propanamine 
mo ge 
C,H;-N-CH;-CH;-CH-CH; 
dM s 3-Methyl-N-ethyl-N-methyl butanamine 
(v) CHs-CH:-CH-CHs (vi) CH; CH-N-CH, CH; 
NH; H 
2-Butanamine. N-Ethyl ethanamine 
(vii) CH; 
CH;-N-CH; 


N, N-Di methyl methanamine. 
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(13) Alkyl cyanides or nitriles : 


According to common system they are named as alkyl cyanides e.g., CHyCN—methyl 
cyanide, CH;CH,CN— ethyl cyanide. 

According to IUPAC system, they are named as Alkane nitriles. During the numbering of 
carbon chain, the carbon atom of -CN group is also included. For example, 

4 Ээй 1 

CH; СН, CH; CN—Buiane nitrile 
When the — CN group occurs as substituent the word cyano is used as prefix. In such case 
the carbon atom of -CN group is not numbered. For example. 


Эу Ж 1 
CH; CH; CN—Propane nitrile, 


5 4 S ex cer 5 4 a2: 1 
ath i ie NEE a a ON 
CN CN 

3-Cyano pentanoic acid, 


3-Cyano pentane-1, 5-di nitrile ` 
(14) Acid anhydrides : 
As the acid anhydrides are derived from carboxylic acids, according to IUPAC system their 
names are obtained by replacing the end word ‘acid’ of the parent acid by ‘anhydride’ e.g., 
Ethanoic acid + acid — ethanoic. 
Ethanoic + anhydride — ethanoic anhydride 


O 
ll ll 
Gee ENT CH;-C-O-C-CH; 
Соттоп name—Acetic anhydride. 
IUPAC name—Ethanoic anhydride 
oA 
CH-C=0 її 
ӨНЕ ——*. . “@Нх@+0-С-С,Н, 
1 "Nes 2. 
суну С=О Common name—Propionic anhydride 


IUPAC name—Propanoic anhydride 
` (15) Acid amide : 


According to IUPAC system the names of acid amides are obtained by replacing ‘oic acid’ 
of the IUPAC name of the corresponding acid by ‘amide’. 


Alkanoic acid — oic acid + amide = Alkanamide 


(16) Nomenclature of poly functional compounds : 


When an organic compound contains two or more different functional groups (including the 
halogen,atom), the compound is called poly functional compound. 

The functional group which determines the class of this compound is known as the, principal 

functional group and the other functional groups are treated as substituents. 
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For example, in the following structure, 


«= Subsiitoent 
Ї 


шаи ¢ Principal functional group 
H 


Here -CHO group is the principal functional group which represents the class of this 
compound, while -OH group is a substituent. Consequently, this compound is an aldehyde, and. 
not alcohol. ^ 

The IUPAC system has given a list of functional groups showing the priority of 
functional groups to determine the class of the poly functional compounds, In the table. 
given below, the functional groups are arranged in the decreasing order of preference to act 
as principal group. The functional group which occurs higher up in this table, is considered 
as principal group. 

The highest priority group is at the top. 


2 Carboxylic acid anhydride 


4 Acid halides 
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€ Naming of the poly functional compounds : 

Procedure : (i) The principal functional group is first identified. This gives the class to 
which the compound is belonged. For example, in the following structure, there are two 
functional groups, carboxyl (-COOH) and carbonyl (7C = О). 


Н, Д 
HE mm [СООН] E Principal group 


Since the position of “COOH is higher up than that of >C = О group in the priority table, 
the compound is to be named as carboxylic acid. 

(ii) The longest chain containing the principal functional group is numbered in such a way 
so that the carbon atom of the principal functional group gets the lowest number. 


CB, 
CH,—CH—C—CH,—COOH 


(iv) The parent name of the class to which the principal group belongs, 15 written according 
to the number of carbon atoms in the longest chain. According to the principal functional group 
present in the given structure, the compound is carboxylic acid. Number of carbon atoms in the 
longest chain = 5. So the parent name is pentanoic acid. 

(iv) The position numbers of the substituents (=C=O and CH; in this case) present, are 
written in alphabetical order. Thus, we get 4-methyl-3-oxo. 

(v) Lastly, the names of the substituents are prefixed with the parent name of the compound. 
Thus we get, 4-methyl-3-oxo pentanoic acid. Р 

@ Examples of some special cases of poly functional compounds. 

(1) When a double bond (C = C) and a triple bond (C = C) are present in the same 
hydrocarbon, the compound is: named as alkenyne. The longest carbon chain is numbered 
from the end closer to the multiple bond (double or triple). The position-number of the double 


bond is written before -alken and the position-number of the triple bond before —yre. For 
example, 


6 SE) 2 1 1 2153-1:14:.55. © 
CH;-CH-CH-CH;-CeCH CH;-CH-CH;-CsC-CH; 
4-Нехеп-1-упе 1-Нехеп-4-упе 


(2) 1f the double bond (С = C) and the triple bond (С = C) occupy the same position 
number, the chain is to be numbered from the end closer to the double bond but the compound 
is named as yne e.g., rele pes 
H=C=C-CH;-CH=CH; 

1-Penten-4-yne 

(3) The double bond (C=C) or triple bond (C=C) in the longest chain of a poly 
functional compound, are denoted by adding -en and -yn respectively into the suffix. For 
example— 


(a) A double bond + OH group — -enol 


CH,-CH=CH-CH-CH, 
3-Penten-2-ol 
(b) A double bond (C = C) + aldehyde group (- CHO) — -enal 
CH,-CH=CH-CH,-¢=0 
FPentenal ^ H 
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(c) A double bond (C = С) + carbonyl (> С =O) — -enone 

5 4 3 2 

CH;- CH = СН € =O 

H; 
3-Penten-2-one 

(d) A double bond + carboxylic acid (-COOH) — —enoic acid 

4 3, 2 

CH;-CH = CH-COOH 


2-Butenoic aci, 
(e) A triple bond (C = C) + alcohol (-OH) — -ynol 
BJ a 24 
CH;-C = C-CH; OH 
2-Виуп-1-ої 
(f) A triple bond + aldehyde ( СНО) —› -ynal 
452 1 s 4. BOG 
HC s C-CH;-CH О CHC = C-CH,-CHO 
3-Butynal 3-Pentynal 
4 M тү гу 5 5н BENE 
(в) CH;-C-CH;-COOH (h) CH; H-CH;-CH-CHO 
3-Keto butanoic acid 2-Chloro-4-hydroxy pentanal 
OH Cl О NH, 
095 p. sp 2l 1 Ww E 2 1 
(i) CH;-CH-CH-C-CH; (j) CH,-CH-CH;-COOH 
3-Chloro-4-hydroxy-2-pentanone 3-Amino butanoic acid 
Br OH 
4 e 2 1 [ Ш 
(К) CH; HCHO 0 Сн,-Сн-СН;-С-ОСН, 
OCH, 
3-Bromo methyl butanoate 3-Hydroxy methyl butanoate 


4.6. Writing the structural formula from the given IUPAC name of a 
compound. 
1. Write down the structural formula of 6-Hydroxy-4-methyl hex-3-enoic acid. 


Procedure : 
(i) From the IUPAC name, the parent alkane is located first. The carbon atoms of this 
alkane is written in a straight chain. The carbon atoms of the chain is then numbered. 


Here the parent alkane is hexane. 
' ET 2 
ن‎ AEE E 
(ii) Now the suffix is located— this gives us informations about the nature and number 
of the functional groups present in the compound along with their positions. 
6 5 4 3 2 1 
С—С—С =С—С—СООН 
(ii) The substituents indicated in the prefix with their positions are then located. 
6 5 4 3 2 1 
au e жор = C—C—COOH 
H; 


CH-II/41 
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(iv) Lastly hydrogen atoms are added to satisfy the carbon bonds. 
mo H 
он-с—ф—с=е—р—соон 
Н Н CHH H 
2. Write down the structural formula of 2, 2, 4-Trimethyl hexan-3-one. 


Step]: CECE Ceo Дас сс сабе 
"ҮҮТ, т с 
Step III : C—C—C—G—6C—C Step IV: H;C—CH;—CH—C—C—CH; 
CHO CH; CH; O CH; 
3. 3-Chloro-2-methyl-2-butenoic acid. 
Stpl: С—С=б—С зери: C—C—C_C 
Step IIl е6 = ¢—COoH Step IV: CH,—Ç = ¢—COOH 
Cl CH; Cl CH; 
4. 4, 4-Dimethyl-2-pentenal. 
Step: ыс С=С СС Step: C—C—C—C—C 
Я єн, 
Step II: ксы Step IV : 9С—С — € = ¢ =O * 
CH; CH; H H H 
5. UE CSS 
Жер C—O8C-C2G зери: C—C—C—C—C 
Step Ш: Gab a. ene Step IV : eque Жаы 
OH Br O OH Br 
6. 2-Chloro-5-hydroxy-3-pentynal. 
Stepl:  C—C—C—C—C Step IT: C-C-C-C-c 
Step Ш: Ge Е б—б—Сно Step IV: MÇ—C=C—ÇH—CHO 
OH "ACT OH CI 
€ Write down the structural formula of the following compounds— 
ÇH; 
(i)  Neohexane > CH.—C—CH,—cH; 
CH; 
сь 
(i) Іѕорепіапе > CH,—CH—CH;—CH; 
(iii) 4-Chloro-2-pentyne >  СН;—С= C—CH—CH; 
cl 
(iv) Methyl propionate > GHs—C =0 
OCH; 


о 


л 
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(v) 4-Methyl-2-pentyne > СН;—С = C—CH—CH; 
CH; 
(vi) Ethane dial > O=CH—CH =O 
(vii) 6-Cyano I-hexene-3-sulphonic acid —> CH;-CH—CH—CH;—CH;—CH;—CN 
SO;H 
(уш) 2, 3-Diamino butanoic acid > CH,—CH—CH—COOH 
NH, NH; 
(ix) 2-Ethoxy butane > CH,—CH—CH—CH; 
ОСН; 
(х) IUPAC name of succinic acid and its structure > Butane 1, 4-dioic acid. > 
CH;COOH 
CH,COOH 


e Questions ө 


. What do you understand by the term functional group? Give the structures and names of some important 


functional groups. [W.B.H.S. ^81] 


. Define homologous series and homolog. The following two compounds belong to а homologous series. Fill 


in the structures of the missing members between the two compounds. 
CH34CH;COOMH -------------= -CH3CH;CH;CH;CH;COOH 


‚ What do you understand by the term group? Name the following alkyl groups— 


(i) CHsCHz- (й) (CH3);CH- (iii) CH3CH;CH;CHz- 


‚ Name the class of the compounds to which each of the following belongs— 


(i) CHOH (ii) CHOH (iii) CHsCH,COOC Hs 
(iv) C2H&à—O—CsHz м Сн;—СО—СУН; (vi) HCHO 
(vii) СНС = C—CHs (viii) C9HsNHo 


. When the following groups are present in a compound what will be its name ? 


(i) -OH and -CHO (ii) -CHO and -СООН. 

(iii) -Br, -СНз and =CO. (iv) -CHO and -OC;Hs 

Write down the structural formula of the compounds given below and explain why the given names are 
incorrect. Give the correct name of each. 

(i) 2-Ethyl butane (ii) 2, 2, 3-Tri methyl propane 

(iii) 2, 3-Dichloro propane (iv) 1-Methyl butane 


Write the structural formulae of the following compounds— 


(i) 2, 3-Dimethyl butane (ii) 2-Methyl-1, 3-butadien 

(iii) 2-Chloro-2, 3-dimethyl butane (iv) 1, 3-Penta dien 

(v) 1, 1, 2, 2, Tetra bromo propane (vi) 5-Methyl-2-heptene 

(vii) Buta-1, 3-dien (viii) 3-Chloro-2-butyne 

(ix) 3-Keto butanoic acid (x) 2-Bromo ethyl butanoate 

(xi) 2-Methyl propanal (xii) Dimethyl amine 

(xiii) 2-Methyl-2-penten-1-al (xiv) Iso pentane 

(xv) Tertiary butyl alcohol (xvi) 4-Chloro-2-butanone [W.B.H.S. '92] 


(xvii). o-hydroxy benzoic acid (xviii) P-toluene sulphonic acid [W.B.H.S. '92] 
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(xix) Tri methyl acetic acid 
(xxi) 2-bromo pentane-1, 4, dial 
(xxiii) Ethyl propyl ketone 
(xxv) 2-Chloro-5-methyl hexanal 
(xxvii) Propanoyl chloride 
(xxix) 1, 2, 3-propane triol. [W.B.H.S. ’94] 
(xxxi) But-3-en-1-ol [W.B.H.S. '95] 


(i) CHz-CHz-CH»CH; : 

(iii) CHCH(CH3)CICH3)s 

(v) CHy-CH=CH-CHCl, 

(vii) СНу-С(СН›)=СН-С(СН;)з 

(ix) CH;-CHCI-CH; COOH 

(xi) СНОН) CH(OH)CH:(OH)  [WBJEE ’94] 


(xiii) СН;СН;СН=СНСООН 


Нз 
(ху) HC =N H—CH—Ch, ІЫЛ. *91] 


CHa CaHs 


(xvii) СНу-С = C-C = CCH(CHs; 

(xix) СНу-С-Сн;-СН› [WBHS '92] 

(xxi)) НС=СНСНСООН IWBHS '92] 

(xxiii) СН,СООСН;СН» [WBHS '92] 

(xxv) ёл саске: CPG 

(xxvii) (CHs)]C-CHCH;CH;C-CHs 

(xxix) H+C-CH,-C-OH 

(xxxi) жыш. а 
CH;CH;CH; 


з 
(хххїй) Энене IWBHS '95] 
OH 


(хоху) BrCH;CH;COOMe IWBHS '96] 


(xx) 2 Methyl-1, 3-hexane diol 
(xxii) But-3-ene-2-ol 


(xxiv) 1, 1, 3, 3-Tetra chloro propane 


(xxvi) Ethoxy propane 


(owiii) 5, 3-Di bromo-2, 3-di methyl pentane 


(xxx) Pent-3-en-2-ol 


(xxii) 1, 3-Di chloro-2-propanone 
. Give the IUPAC names of the following structures : 


(ii) C.(CH3) 
(iv) (CH3)3C-CH2-C(CHs)3 
(vi) СН = C-CH,-CH=CH, 
(viii) HC = C-CH=CH-CH(CH3)2 
(x) СНу-С(СН.)Вг-СН;-СН; 
(xii) CHy-O-C,Hy 
тн 
(xiv) Se RC eie 
CH3 


4, Me. 22 “(Ме 
e coti qs 
CH; 
Hs 
iod sr Sete 
CHa 


(хх) ай: Ea 


CH; 


(xxii Har лаз дды 


OH 


‚ бочу) сиыр pac 


CH; 
[xxvi] CH3CH=CHCH,OH 


boxviii) CHs~C-NH2 


(ххх) C: Hs-C-CH;CH;-C-CHs 
(оок) C(CH3}s-CO-CH;-CH,CI 


Fis сн 
(хоу) СНу—СН—СН—СООН 


(боом) СН:СН=СНСЊС = CH 


[W.B.H.S. '95] 


[WBHS '93] 


[WBJEE "91] 


[WBHS '95] 


IWBHS '96] 
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e Objective type : 

(1). The compound which has one iso propyl group is— 

(a) 2, 2, 3, 3-Tetra methyl pentane, (b) 2, 3-Di methyl pentane, 

(c) 2, 2, 3-Т methyl pentane, (d) 2-Methyl pentane. [Ans. (9)] [LLT. '89] 
(2) Which of the alkanes would have only the primary and tertiary carbon ? 

(a) Pentane, (b) 2, 2-Di methyl propane, (с) 2, 3-Di methyl butane, (d) 2-Methyl butane. [Ans. (d)] 
(3) The IUPAC name of the compound having the formula H3C-C(CH3)2-CH=CH, is— 

(a) 3, 3, 3-Tri methyl-1-propene, (b) 1, 1, 1-Di methyl-2-propene, 

(c) 3, 3-Di methyl-1-butene, (d) 2, 2-Di methyl-3-butene. [Ans. (c)] (М.Т, 84] 
(4) The IUPAC name of the compound CHy=CH-CH(CHs)2 is— 

(a) 1, 1-Di melhyl-2-propene, (Ы) 3-Methyl-1-butene, 

(c) 1-iso propyl ethylene, (d) 2-Vinyl propane. [Ans. (b)]. (Ш.Т. 87] 

ЖЕ. 

(5) The correct name of the compound СН-СН-СН,-СН-СНО is— 

(a) 2-Bromo-4-hydroxy-1-pentanol,. (b) 1-Bromo-4 hydroxy pentanal, 

(с) 2-Hydroxy-4-bromo pentanal, , (d) None of the above. [Ans. (a)] 
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5.1. Alkanes— Saturated hydrocarbons. 

Alkanes are the open chain organic compounds containing carbon and hydrogen only, in 
which the carbon atoms are bonded to each other by single covalent o bonds and each carbon 
atom is bonded to hydrogen atoms to give maximum covalency of 4. 

Since all the four valencies of carbon atoms in alkane are fully satisfied, they are called 
saturated hydrocarbons. They belong to the homologous series having the general formula 
C,H,,? (where n = 1, 2, 3, 4 etc.). 

As the alkanes contain strong © bonds between С—С and CH, they are relatively inert 
towards chemical reagents. Hence they are also termed as paraffins (Latin, parum — little, 
affinis = affinity). 

5.2. General methods of preparation of alkanes. 

(1) Decarboxylation of carboxylic acids : 

An alkane is prepared by heating strongly the anhydrous sodium or potassium salt of a 
carboxylic acid with soda lime (NaOH + СаО). The allkane thus prepared contains one carbon 
atom less than that of the original acid. This method is used normally in the laboratory to 


prepare i 
iR c ee cer] 
В —; COONa + NaO!H -> R-H +Na,CO; 


CH;COONa + NaOH 4A CH, +Na,CO; 
Sodium acetate Methane 
In this process the -COOH group is substituted by H-atom and so this method is called 
decarboxylation. Here CaO increases the porosity of the mixture and acts as adehydrating agent 
whenever required. 
(2) By the reduction of alkyl halides : 
Alkyl halides are directly reduced by nascent hydrogen to form alkanes. 


The nascent hydrogen for the reduction of alkyl halide is produced by dissolving zinc- 
copper couple in ethanol or aluminium amalgam in ethanol or metallic zinc in НСІ or acetic 
acid or lithium-aluminium hydrides (LiAlH,). Alkyl halides are also reduced by hydrogen gas 
in presence of nickel or platinum catalyst. 


RX Som Ut CER + HX. (X-Cl Br, L) 
Alkylhalide ethanol Alkane 


CH,CH;Br + 2H aa gr CH, CH, + HBr 
Ethyl bromide Ehano Ethane 


CHI + 2H 29+, CH, + HI 
: Bios ese 


GH, Вг + H AEM, CH, + HBr 
Ethanol ^ Propane 
[In this reduction the electrons left by Zn atoms (Zn is more electro-positive than Cu hence releases electrons 
preferentially) attack alkyl radical of alcohol. The mechanism of the reaction is shown below : 
Zn > Zn” + 2e. R-X«e—R'«X 


Ree Rt; R $+ СНОН > RH + CHO: ] 
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(3) Catalytic hydrogenation of alkanes or alkynes : 
. Alkanes may be obtained by the catalytic hydrogenation of alkenes or alkynes in presence 
of nickel catalyst at 200°C-300°C. 


Platinum or Palladium may also be used as catalyst at ordinary temperature. This process 
is known as Sabatier-Senderens reaction. 


Methane can not be obtained by this reaction. 


O R—CHsCH; + Н —y-* R—CH.—CH, 


Alkene Alkane 
CH, CH-CH, + н = CH,—CH;—CH; 
Propene Propane 
(i) R-C=CH он, М5 R—CH;—CH; 
Alkyne Alkane 
CH=CH 4 2H, Воі cu cH 
Acetylene Ethane 


(4) Wurtz reaction—by condensing two molecules of alkyl halides with sodium metal 
in dry ether. 

When an alkyl halide (R-X) is heated with metallic sodium in dry ether solution, two 
molecules of alkyl halides are condensed by losing their halogen atoms as NaX to form 
symmetrical alkane having an even number of carbonatoms. This reaction is known as Wurtz- 
reaction. 


{Brt Na+ Brj—R Sy" ROR + NaBr 
CH,Br +2Na+BrCoH, A> C,H, — CH; + 2NaBr 
Ethyl bromide Butane 


e Limitations : It is important to note that, if two different alkyl halides (i.e., RX and R'X) 
are used to react with metallic sodium in ethereal solution, a mixture of three different alkanes 
is produced. For example, when methyl chloride and ethyl chloride are subjected to Wurtz 
reaction, a mixture of three diffent alkanes is produced, e.g., propane, due to the condensation 
of methyl chloride and ethyl chloride, ethane due to the combination oftwo molecules of methyl 
chloride, and n butane from two molecules of ethyl chloride. 


(a) CHCI +2Na + CICH; .eher, CH;—CH; +2NaCl 
Ethane 


(b) CH;Cl + 2Na + CIC;Hs eher, CH,—CjH; + 2NaCl 
Propane 


(c) C;HsCI + Na + СІСН, E C;H.— CH;  2NaCI 
Butane 


It is difficult to separate the three alkanes (C; He, СУН; and C4Hio) from the mixture as the 
boiling points of these three alkanes are very close to each other. Consequently Wurtz reaction 
is useful only for the preparation of. symmetrical alkanes. The Wurtz reaction is used for ring 
closure. Thus, bicyclobutane is obtained by heating 1-bromo-3-chloro cyclobutane with 
sodium. The yield is 94%. 


Br<>-Cl + 2Na > © + NaCl + NaBr 
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[The probable mechanism of Wurtz-reaction is shown below : 
2Na 4 2Na* + 2e; CHE cuffie — CHCH + Br; | CH4CHz' + 2e 2 CH;CHz 
CHyCH; + СнСНдўг э CH;CH,CH2CH; + Br 
‚ The velocity of this reaction depends upon the carbon-halogen bond energy. As the C— bond energy is 
much less than those of C-Br or C-Cl, the alkyl iodides or alkyl bromides are generally used in this reaction, 
A Free radical mechanism has been proposed for Wurtz reaction. 
R-X+Na 4 R + Мах R +R —R-R 

(5) Kolbe’s synthesis : 

By this method, an alkanelis prepared by the electrolysis of a concentrated aqueous 
solution of sodium or potassium salt of a saturated monocarboxylic acid using platinum 
electrodes. The produced alkane is collected at the anode Methane can not be prepared by 
this method. 

2CH;COONa == 2CH;COO + 2Na* 
2H0 == 20H + 2H’ 
At Cathode : 2H* + 2e3 НТ 
At'Anode : 2CH;COO™ - 2e — 2CH;COO — CH, + 2CO;T 
Ethane : 

Alkanes produced by this method contain carbon atoms = [(2 х the number of C-atoms in 
the original acid) — 2]. 

(6) .By Clemmensen reduction of carbonyl compounds (Aldehydes arid Ketones) : 

Carbonyl compounds like aldehydes and ketones are reduced by amalgamated zinc and 
conc. НСІ to produce the corresponding alkanes having the same number of carbon atoms. 
This reduction is known as Clemmensen reduction, for example, (i) acetaldehyde is 
reduced by Zn/Hg and НСІ to produce ethane. Propane is thus produced by the reduction 
of propanal. 


CH;CHO [4H] CH;-CH; + НО 

Acetaldehyde ZnHg/HCl Еһапе 

CH;CH;CHO [4H] CH;CH;CH; + HO 
Propanal ZnHg/HCl Propane 

(ii) Acetone and 2-butanone are reduced to give propane and butane respectively. 

CH;COCH; [4H] CH;CH,CH; + HO 
Acetone ZnHg/HCl Propane 

CH;CH,COCH; [4H] , CH;CH;CH, CH; + HO 
2-Butanane ', — ZnHg/HCl Butane 


(7) By the decomposition of Grignard reagents : 

Grignard reagents are alky] magnesium halides. The general formula of this class of 
compounds is represented by R-Mg-X where X = Cl, Br, I. 

A Grignard reagent is prepared by dissolving a mixture of an alkyl halide and magnesium 
powder in dry ether. In this class of compounds the carbon atom is directly attached to one atom 
of a metal (magnesium) and so they are known as organo-metallic compounds. 

Grignard reagents are very important in organic chemistry for their extensive uses for the 
synthesis of various classes of organic compounds. 
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A Grignard reagent can be decomposed by water or alcohol to produce the corresponding 


alkane. жь 
REX dlolb неред дыр om io МОХ 
Alkyl halide Grignard reagent 
RMgX + HOH e , R-H+Mg(OH)X 
Alkane 
D 
CH,CHjBr + Mg — >”  CH.CHz-Mg-Br 
Ethyl bromide Ethyl magnesium bromide 
CH,CH.MgBr+ НОН ———* CH,CH) + Mg(OH)Br 
Ethane 


(8) By the reduction of alcohols, aldehydes, ketones and carboxylic acids, by red 
phosphorus and HI : 

The alcohols, aldehydes, ketones and carboxylic acids are reduced by a mixture of red 
phosphorus and hydro iodic acid to produce the corresponding alkanes. 
R 


R-OH +2HI —RedP ,. RH sik H3. : 
Alcohol 150°C Alkane 

сњон ^ «2H SE» cH, 414 2H,0 
methanol Methane 

C;H,-CHO +4HI me CH;CH;CH; + 21+ HjO 
Proponal Propane 7 
CH,CO-CH; + 4HI ja CH,CH;CH; + 21+ HO 
Acetone Propane 

CH,COOH +6НЇ ks  CH-CH, + 3+ 2H0 
Acetic acid Ethane 


(9) Preparation of higher alkanes : 
When an alkyl borane having greater number of carbon.atomsis reacted with mixture of AgNO; and NaOH 
at 30°C-40°C higher alkane is produced. 


AgNO; + NaOH 
40°C 


3[CH,(CHz)sCHs] 
Decane 


2B[CH3;CH2CH2CH.CH]s 


(10) Corey-House alkane synthesis : 

Unsymmetrical alkanes are produced by the action of alkyl halides with an ethereal solution of lithium dialkyl 
cuperate (LiRzCu). 

At first an alkyl halide is treated with lithium in ether solution when alkyl lithium is produced. In the next step 
alkyl lithium is reacted with cuprous iodide to give lithium dialkyl cuperate. 


RX +2 gehen 2RL + LX; 2RLi + Cul > Исо + Lil 
LIR Cu + Вг ————» R-R' + R-Cu + LiBr. 
Alkane 


(11) Wolf-Kishner reduction : 
Alkane can be obtained by reading a carbon; compound with hydrazine followed by distilling the 
hydrazone.thus produced with sodium or potassium alkoxide-at 170-180°C. 
180°C 
HC—C=0 + HN.NH —> CH; = ММН ——— 
= Hydrazine 50 GHjONa 
Acetone 


No + CHaCHCHS 
Propane 
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(12) From Organo zinc compounds : 

Like Grignard reagent dialkyl zinc is an important synthetic reagent. Because of its spontaneous 
inflammability in air it is not widely used as in Grignard reagent. When dialkyl zine is hydrolysed by dil. НСІ, 
alkanes are р! 

RaZn + 2HC|—>2RH+ZnCl, (СН: а + 2HCl -> 2CH, +ZnCl, 
Neo pentane is formed when tbutyl chloride acts on dimethyl zinc. 
Hs 
(CHalZn + (СНС. -> CHs—G—CHs + СНС] 
CHa 
Neo pentane 


5.3. General properties of alkanes. 

[A] Physical : (i) The first 4 members of alkanes i.e., methane to butane are colourless 
and odourless gases at ordinary temperature and pressure, but the next 13 members having 
carbon atoms 5 to 17 are colourless liquids. The higher alkanes are solids. 

(ii) The alkanes are insoluble in water but soluble in organic solvents like acetone, ether, 
carbon tetra chloride, benzene etc. 

(iii) The density and boiling points increase with the increase of molecular weights. The 
boiling points of branched carbon chain alkanes, are generally lower than those of normal 
alkanes. 

[B] Chemical : Alkanes are extremely stable and chemically inert. They are usually 
stable to common reagents such as acids, alkalis, Oxidising agents or reducing agents at room 
temperature. 

However, under suitable conditions the alkanes undergo two types of reactions— 

(a) Substitution reactions and (b) Thermal and Catalytic reactions. 


[a] Substitution reactions : 

Under suitable conditions, the alkanes undergo substitution reactions in which one or more 
hydrogen atoms are replaced by some other atoms or groups. Some important substitution 
reactions of alkanes are described here. 

(1) Halogenation : (a) In presence of diffused sun light or in ultra violet light or at relatively 
high temperatures (300°C — 400°C) the hydrogen atoms of alkanes are replaced by equal 
number of chlorine atoms yielding a mixture of chlorinated alkanes. Thus, methane reacts with 
chlorine to produce methyl chloride and НСІ. 

diffused 


CH, + Ch sunlight CH;Cl + HCl 


Methane Methyl chloride 
The remaining three hydrogen atoms in methyl chloride can be replaced by chlorine 
atoms one after another with the production of 4 substitution products (CH3Cl, CH;Cb, 
CHCl; and ССіц). 


+ Ch * Ch 


CHCl а CHCl, ае CHCI; ү CCl, 
Methyl Methelene Chloroform Carbon 
chloride chloride tetra chloride 


The extent of halogenation of alkanes depends on the chlorine to alkane ratio. 
Propane contains primary and secondary hydrogen atoms and consequently it gives two 
mono substitution products. It is to be noted that a tertiary hydrogen is more easily replaced, 
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than a secondary hydrogen and a secondary hydrogen is more easily replaced than a primary 
hydregen. 

CH4-CH;-CH; + Ch v. v light. CH;-CHCI-CH, + НСІ 

Ргорапе 2-Chloro propane 


CH;-CH;-CH; + Ch diffused CH;-CH,-CH,Cl + НСІ 
Propane sunlight 1-Chloro propane 


(b) Bromine also reacts similarly like chlorine but less vigorously. 

(c) Iodine has practically no action on alkanes. This is due to the fact that the hydro iodic 
acid produced during the reaction of alkane with iodine, reduces the produced alkyl iodide to 
alkane. As a result the process becomes reversible. 

R-H 4L = RI + HI 

But the substitution reaction of alkane with iodine may take place in presence of some 
oxidising agents e.g., nitric acid or iodic acid or mercuric oxide which oxidises the HI as 
soon as it is formed. 

CH ee Ct nn 
Methane Methyl iodide 
SHI + HIO; = 3I; + 3Н;О 

(d) Fluorine reacts with alkanes with explosion. Fluoro alkanes may be obtained by the 
action of alkanes with fluorine diluted by nitrogen. 

(2) Nitration : Nitration is the process of substitution of a hydrogen atom of a compound 
with a nitro (-NO;) group. Nitric acid in the liquid state does not react with lower alkanes but 
when a mixture of alkane and nitric acid vapours is heated at 400°C, one atom of hydrogen of 
the alkane molecule is replaced by a nitro group to form nitro alkane. 

This process is called vapour phase nitration and the class of compounds thus obtained are 
known as nitro alkanes. 


RH +номо, “2, RNO, +H,0 
снн «HoNo, “2%, CHNO, +но 
Methane Nitro methane 

400°C 
CH,CH;+HONO, "С.  CHCHNO;* H:O. 
Ethane Nitro ethane 


(3) Sulphonation : The replacement ofa hydrogenatom of a compound by a sulphonic acid 
group (-SO3H) is known as sulphonation. When an alkane is subjected to a prolong reaction 
with fuming sulphuric acid (oleum) at high temperature one hydrogen atom of the alkane is 
replaced by sulphonic acid group to produce alkane sulphonic acid. The yield is poor in case 
of lower alkanes. 

RH + OHSOH Az RSOH +H,0 


CH;-H + OHSO3H tes CH;SO3H + НО 


Methane sulphonic acid 
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[b] Thermal and Catalytic reactions. 
(4) Oxidation-combustion : When the alkanes are ignited in presence of excess oxygen or 
air, they burn to produce carbon di oxide and H;O with the liberation of much heat. 


с,ньг+ (Ê) о, пСО, + veo. 
CH, 420; > CO,+ 2H,0 
2CH,-CH; + 70, > 4CO, + 690 
Ethane 


When the alkanes are burnt in insufficient supply of air or oxygen, the products are carbon 
monoxide and carbon black. 


2CH,+ 30, — 2CO + 49,0 
CH, + О; 2 C + 2H,0. 

(5) Pyrolysis or cracking : The process of ‘decomposition of a compound by heat is known 
as pyrolysis or cracking. 

When the alkanes are heated to a high temperature in absence of air, decomposition of 
alkanes takes place with the formation of lower alkanes, alkenes and hydrogen. Cracking of 
alkanes generally occurs at 500°C-800°C, but in presence of a catalyst (finely divided silica- 
alumina) the decomposition takes place at lower temperature. For example, when ethane is 
heated in absence of air, a mixture of methane, ethylene and hydrogen is obtained. 

500°C 


CH,CH, >. CH=CH, + CH; +H, 
Ethane Ethylene Methane 
Propane gives a mixture of ethylene, methane and propene. 
CH,-CH, + CH, «4006006 [сн;усн.сн, | ESS, CH,CH-CR; 
Ethylene Methane Propane Propene 


(6) Isomerisation : This is the process of conversion of one isomer ofa compound to another 
isomer. The normal alkanes when heated to 300°C in presence of anhydrous AICI; and HCl 
or anhydrous AlBr; and HBr under a pressure of 35 to 40 atmosphere, they are partly converted 
into their branched chain isomers. 


Н; 
CH-CH-CH-cH, AC/HC, сн, Cu. cH, 
n-Butane YEN 2-Methyl propane. 
or Iso butane 


(7) Aromatisation, Hydroforming or Catalytic reforming : The process of conversion of 
an aliphatic compound into an aromatic compound is called aromatisation or reforming. 
Alkanes having 6—10 carbon atoms are converted to benzene and its homologues, when they are 
passed: over a catalyst (CrjOs + AljOs) at high temperature. 

"Thus, when n-Hexane is passed over the catalyst Сг;О; and Al,O; at 600°C, it is converted 


` to benzene. 4 H { 
СНз C. 
HC СН, CnOrALO: ud CH 
| В +4Н, 


600°C | 
НУС. HEC i] 
: 09 ee a 


тНехапе Benzene 
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In the similar process toluene is obtained from n-Heptane. 
CH; CH; 


p 
H;C CH, 0А» a Say ч. - 


| | 600°C I 
HC CH | 
Жыя > ints б oo 
2 
rrHeptane H 
Toluene 


(8) Dehydrogenation of alkanes : When lower alkanes are heated to 500°C-600°C in 
presence ofa catalyst (Cr,03 + Al,03), the alkanes are converted to alkenes with the elimination 
of hydrogen atoms. 


снн, —Ae" CO, opch, +. Hat 
Ethane 500°C-600°C Ethylene 


e Alkanes are inert-explain why : 

Alkanes are extremely stable and inert to common reagents. This is due to the fact that, (i) as the electro- 
negativity of carbon and hydrogen do not differ much, the electron pair between C—H bonds in alkanes are 
almost equally shared between carbon and hydrogen atoms and so the C—H bonds in alkanes are non polar. 
The C—C bond is also completely non polar. Consequently the polar reagents do not find any sites to attack. 


ГА | 
__Моп polar, very (Л Almost, non polar, 
043 strong с bond UH strong c bond 
(ii) The C—H and C—C bonds in alkanes are strong covalent sigma bonds. (iii) In alkanes there is no electron 
defficient atom. (iv) An atom with an expandable octet is absent in alkanes. (v) Alkanes do not have any 


unshared pair of electrons, consequently they can not act as nucleophile. 
This explains why the alkanes are inert at room tempercture. 


When alkanes are heated to high temperature the C—C bonds, rather than C—H bonds 
break— explain why. 

In normal cases the bond length between two atoms is equal to the sum oftheir radii. Because of the covalent 
radius of hydrogen atom is much less than that of carbon atom, ће C—C bond length is much greater than 
C—Hbond length. As C—C bond iength is much greater than C—H bond length in alkanes, the C=C bond energy 
becomes less than that of C—H bond. The С—С bond energy AH = +347 kJ mole” and C—H bond energy 
AH = +415 KJ mole. Again а С—С bond has only 25% s-character (overlap of two sp? orbitals) while a 
C—H bond has higher s-character (sp? orbital of C and Is orbital of H atom). Consequently carbon and hydrogen 
nuclei in С-Н bond аге more closer together than carbon and carbon nuclei in C—C bond. Hence C—H 
bond requires larger energy to break than C—C bonds. For this reason during thermal decomposition of 
alkanes, the relatively weaker C—C bonds break to form lower alkanes and alkenes but the C—H bonds 
remain uneffected. 


e n-alkanes have higher boiling points than the branched alkanes ог n-pentane has _ 
higher boiling point than neo pentane— explain why. 

The alkanes are purely non polar and so their dipole moment is zero. Consequently, еге їз no electrostatic 
attraction between the molecules of alkanes— only the weak Vander Waal's forces act between the molecules 
to hold them close to another. But the strength of Vander Waal's forces in alkanes is directly proportional to 
the size or surface area of the alkane molecule. Consequently, larger the molecules, the stronger is the inter 
molecular force. Again the inter molecular forces between the molecules being stronger, the higher will be the 
boiling points. However, with the increase of branching, the alkane molecule tends to acquire a spherical 
shape. As a result the surface area of the molecule decreases. This causes the inter-molecular forces to 
become weak. This explains why the branched chain isomers have lower boiling points than those of the 


normal alkanes. 
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€ What is octane number of a gasoline? What are antiknock compounds ? 
Gasolineis a mixture of alkenes, alkanes and aromatic hydrocarbons. The quality of a gasoline depends upon 
the amount of 2, 2, 4-tri methyl pentane (called iso octane) present in it. 


CH3 Сн, 
сн;—т—ак—сн—сн› CH3 CH2 CH; CH; CH; CH; CH; 
CH; 
2, 2, 4-tri methyl pentane n-Heptene 
Octane No = 100 Octane No = 0 


The octane number of a particular gasoline is determined by matching its knock performance with that of 
mixture of iso octane and n-heptane. 

The octane number of a gasoline is the percentage of iso octane present in a mixture of iso octane and n- 
heptane which gives equal knocking performance. The statement “octane number of a fuel is 75’-means that its 
degree of knocking in the standard test is equal to that of a mixture of 75 parts of iso octane and 25 parts of n- 
heptane. The quality of gasoline increases with the increase of its octane number. Aviation gasoline has octane 
number more than 100. Knockingis the metallic sound produced by an internal combustion engine while working. 
It causes the wastage of the fuel. It decreases according to the following cider : 

Straight chain alkanes > Branched chain alkenes > Alkenes > Aromatic hydrocarbons. 

Antiknock compounds : Knocking is prevented by adding anti knock compounds to the gasoline. 

The compounds which minimise the knocking by their presence in the gasoline are known as anti knock 
compounds. e.g., tetra ethyl lead (TEL). In addition to tetra ethyl lead, small amounts of ethylene bromide, ethylene 
chloride are also added. 

Cetane number: Justlike octane number, used for gasoline, cetane number indicates the degree of knocking 
of diesel fuel under standard test condition. 

It is defined as the percentage of the alkane hexadecane called cetane (C, H4) which must be mixed with 
ipla meld naphthalene to give the same knocking performance as the fuel under investigation, under standard 
condition. 

Thus, the statement ‘centane number of a diesel fuel is 50’ means its degree of knocking is equal to a mixture 
containing 50 parts of cetane and 50 parts of alpha methyl nephthalene.Cetane is assigned cetane number 100 
while alpha-methyl nephthalene is assigned zero cetane number. 

Flash Point : It is the lowest temperature at which a liquid fuel gives off vapour which can be ignited and 
will catch fire immediately. Flash point of same liquid fuel varies from country to country depending upon the 
climatic condition. Thus flash point in cold country is much lower than in hot country. Thus flash point of gasoline 
in England is 22°C while that in India 45°С. 

@ Conformations of alkanes : 

Groups bonded with a carbon-carbon single bond are able to rotate about the C—C bond without affecting 
the single o bond. 

The different arrangements of the atoms in space which can be produced by the rotation of groups about the 
carbon-carbon bond axis are known as conformations. 


Let us take thesexample of ethane molecule. 
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IF one of the tetrahedral methyl groups is rotated about Ihe С—С axis keeping the other methyl group fixed, 
an infinite number of different arrangements of the rotated methyl group with respect to the fixed methyl group 
can be obtained. Each possible arrangement in space represents conformation. 

When a ball stick model of ethane is viewed from one end along the С—С axis, a definite relative arrangement 
of the six hydrogen atoms is observed. Now if the rear methyl group is rotated about the C—C axis keeping the 
front methyl group fixed, it is observed that the relative arrangement of hydrogen atoms becomes different rom 
the previous one. 

Thus оп infinite number of spatial arrangements of the six hydrogen atoms in ethane can be obtained out of 
which only three conformations of ethane are taken into account— the two extremes and the third one is the 
intermediate of these two extremes. 

(а) The eclipsed form: In this form the rear methyl group is completely eclipsed by the front methyl group and 
thus only the three H-atoms of the front methyl group nearer to eye are visible. In this form the H-atoms of the two 
methyl groups come closer to each other. н 


н 


Eclipsed conformation Staggered form 


(b) The staggered form : In this type of conformation the rear methyl group is rotated upside down and 
thus both the methyl groups i.e., all the six hydrogen atoms of the two methyl groups are visible. In this form, 
the six hydrogen atoms of the two methyl groups are as far away as possible one another. 

(c) The skew form: The infinite number of possible conformations 
between these two extreme conformations (Eclipsed and staggered H H 
form) are known as skew forms. 

It is to be noted that the different conformations of ethane are not 
of equal stability. 

(i) In staggered conformation the hydrogen atoms of one methyl H 
group are as far away as possible from the hydrogen atoms of the Н н 
other methyl group. As а result the staggered form is the most stable H 
conformation. This is due to the fact that, in staggered conformation 
of ethane, the separation of the electron pairs of the six C—H bonds Skew form 
becomes maximum for which the repulsive forces acting between the bonding pairs of electrons become minimum. 
Thus the staggered conformation of ethane is the most stable. 

(ii) In eclipsed conformation of ethane, the hydrogen atoms attached to each carbon atom are directly opposite 
to each other. As а result, the separation of the electron pairs of the six C—H bonds becomes minimum, for which 
the repulsive forces acting between the bonding pairs of electrons become maximum in this form. As a result the 
eclipsed conformation of ethane becomes least stable. 

(iii) It ıs obvious that the stabilities of all the skew conformations of ethane lie in between those of the 
staggered form and eclipsed form. The relative stabilities of the three types of conformations of ethane can be 
represented as. 

Staggered form > Skewform > Eclipsed form 

The staggered form of ethane has the minimum and the eclipsed form has the maximum energy. The energy 
difference between the staggered and eclipsed conformations of ethane is 2:8 К cal mole". This constitutes an 
energy barrier to the rotation about C—C bond i.e., this energy prevents the conversion of staggered form to 
eclipsed form of ethane. But as the ethane molecules have an average energy of 15-20 К cal mole”, the small 
barrier of 2°8 k cal mole" can be easily overcome by the energy of ethane molecule. This goes to prove that the 
rotation about the C—C bond in ethane is almost free and that the different conformations of ethane can not be 
separated from each other. Ordinarily, the most of the molecules in ethane will be in staggered or skew form. 

The conformations of propane are similar to those of ethane. The only difference is that one of the hydrogen 
atoms in ethane is replaced by a methyl group. It has also three types of conformations—eclipsed, staggered and 


skew forms. 
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e Methane ө 


icta 


Methane is the first member of the alkane series. It is found bubbling in the marshy places where it is 
produced by the bacterial decomposition of vegetable matters. For this reason it is called marsh gas. It contains 
a litle phosphine (РНз) and phosphorus di hydride (P2H,). 
Both the marsh gas and phosphine are combustible but 
P;H, is spontaneously inflammable in contact with oxygen of 
air. So when this mixture comes in contact with air, P2H, sets 
the whole mass of gas burning. This phenomenon is often 
found in the marshy lond at night and is known as 
will-o'-the-wisp. It is also found in coal mines which 

4 forms explosive mixture with air. Itis known as fire damp by coal 
Molecular structure of Methane miners. 


5.4. Preparation of methane. 

(1) Laboratory method : 

(A) Principle : In the laboratory, methane is prepared by heating a mixture of anhydrous 
sodium acetate and soda lime (NaOH + СаО). 


CH; (COONa + NaOiH(CaO) — CH, + Na,COs 
Sodium acetate Soda lime Methane 


(B) Procedure : Anhydrous sodium acetate and soda lime are taken in the ratio 1 : 3 by 
weight and are mixed intimately. The intimate mixture of sodium acetate and soda lime thus 
prepared is taken in a dry hard glass test 
tube fitted with a cork through which a ER а 
delivery tube passes. The hard glass test 
tube is now heated strongly when 
methane is evolved. The first part of the 
evolved gas is allowed to escape to 
remove the air inside the test tube. 
Methane thus produced is collected in a 
gas jar by the downward displacement 
of water. 

(C) Purification : Methane thus 
prepared contains traces of ethylene, Fig. 5.1 : Preparation of Methane 
acetylene, hydrogen and moisture as impurities. (i) Acetylene is removed by passing the impure 
gas through ammoniacal cuprous chloride solution. 


CH + Cuch —“2> сусь 1+ HCI 
(ii) Ethylene and moisture are removed by passing the gas through fuming sulphuric acid. 
C,H, + H.HSO, э C,H; HSO, 
Ethyl hydrogen sulphate 
(iii) The gas is then mixed with excess of oxygen and the gas mixture is passed over 


palladium heated at 100°C. Н, present in methane is converted to water. The excess О; is 
removed by absorbing it in alkaline pyrogallate solution. The gas is then passed through 
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conc. H5SO, to remove water produced by the action of H; and O; and then collected over 
mercury. 

[Soda lime is used instead of NaOH alone in the preparation of methane from sodium acetate. This is because 
of the fact that, soda lime is cheap, less hygroscopic, does not fuse and attack glass so readily as caustic soda.] 

(2) Preparation of pure methane from methyl iodide. 

(A) Principle : Pure methane is prepared in the laboratory by the reduction of methyl iodide 
with zinc-copper couple or aluminium amalgam and methanol. 

CHI + _Zn Cu, 
3I + 2H СНОН CH, + HI 

(B) Procedure : Zinc-copper couple is taken in a conical flask fitted with a dropping funnel 
arid a delivery tube the other end of which is connected to a U-tube cooled in freezing mixture. 
In the dropping funnel a mixture оў! methyl iodide and methyl alcohol is taken which is dropped 


b, 
ун 
gH Mas w B 

PL LL ЖШ 


Fig. 5.2 

on the zinc-copper couple in the conical flask. The nascent hydrogen produced by the action 
of zinc-copper couple on methanol reduces methyl iodide to methane. The evolved methane 
contains some unchanged methyl iodide vapour. 

(C) Purification : The methane containing some methyl iodide vapour is passed through 
a cooled U-tube where methyl iodide is condensed to a liquid. Methane freed from the impurity 
is collected by the downward displacement of water. The collected gas is then passed through 
conc. HSO; to remove moisture and is finally collected over mercury. 

(3) By the action of water on aluminium carbide : 

Methane can be prepared by the action of water or dilute acids on aluminium carbide at 


Kn ALC; + 12H,0 — 3CH, + 4AKOH); 
ALC; + 12НС1 > 3CH; + 4AICl 

Lumps of aluminium carbide are taken in a conical flask fitted with a dropping funnel and 
a delivery tube. Some dilute hydrochloric acid is taken inthe dropping funnel which is dropped 
on aluminium carbide when methane is evolved. The evolved methane is collected in the gas 
jar by the downward displacement of water. 

(4) When methyl magnesium iodide is treated with water, methane is liberated. 

CH3Mgl + H.OH э CH, + Mg(OH)I 
(5) From Berllium carbide + Lumps of Be;C when reacts with cold water produces CH4 


vigorously: Be,C + 4H,O > 2Ве(ОН); + СН, 
(6) It is also obtained by the action of water on dimethyl zinc. 
Zn(CH3)2 + 290 — Zn(OH): + 2CH, 


CH-IU42 


104 ELEMENTS OF CHEMISTRY 


5.5. Properties of methane. 

[A] Physical : Methane is a colourless, odourless and tasteless gas. It is non-poisonous in 
nature. It is very slightly soluble in water but soluble in ether and ethanol. It is lighter than air 
and liquefies to a colourless liquid at –161°С under pressure. 

[B] Chemical : 

(1) Stability : Methane is very stable to common reagents such as acids, alkalis, oxidising 
agents at room temperature. As the electro-negativities of carbon and hydrogen do not differ 
much, the electron pairs between C—H are almost equally shared between them. As a result 
all the C-H bonds in methane are non polar. So the polar reagents do not find any sites to attack 
methane molecule. 

Methane gives all the general reactions of alkanes. Methane undergoes two types of 
reactions (1) Substitution reactions, (ii) Thermal or Catalytic reactions. 


(2) Substitution reaction : The reaction in which an atom or a group of atoms directly 
attached to a carbon atom in the substrate molecule, is replaced by another more active atom 
or group of atoms without disturbing the structure of the rest of the molecule, is known as 
substitution reaction. The products of substitution reaction are known as substitution products. 
Methane undergoes substitution reactions under certain conditions. In these Jeactions one or 
more hydrogen atoms of methane are replaced by other atoms or group of atoms. 

(a) Halogenation : (i) Methane reacts with chlorine in presence of ultra violet light, or 
diffused sun light yielding amixture of substitution products. For example, methane reacts with 
chlorine to produce methyl chloride. 

CH, + Ch кыш, (of So era C 
sunlight Methyl chloride 

The reaction does not stop at this step, the other 3 hydrogen atoms of methyl chloride are 
replaced one by one chlorine atoms to produce different chloro compounds. 


CH,C| "c чуар. CH,Ch + HCl 
Methyl chloride Dichloro methane 
СНС Ch. 7 nv Tight CHCh . + HCI 
Chloroform 
CHC "ecu > elih CCl + HCI 
Carbon tetra chloride 


By using excess of methane, the reaction may be limited to the formation of methyl chloride. 

[Halogenation of alkane is an oxidative process. In the substitution reaction of methane with chlorine, it is 
found that for the substitution of each hydrogen atom in methane by a chlorine atom, the oxidation number of 
the relevant carbon atom increases by two.] 


4 Ch 29 Ch 0 Ch +2 Ch 44 
СН, “нса” CH;Cl нс” СН:СЬ Gia” СНСЬ нс” СС 


-HCI 
(b) Bromine also reacts with methane similarly but slowly and at higher temperature. 
CH, + Bry ge. : CHSBr + НВг 
З Methyl bromide 


(c) Iodine has practically no action on methane. This is because of the fact that the 
hydroiodic acid produced during the reaction of methane with iodine, reduces the produced 
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methyl iodide to methane. As aresult thé process becomes reversible. But this reaction may take 
place in presence of some oxidising agents e.g., nitric acid or iodic acid or mercuric oxide 
which oxidises the HI as soon as it is formed. 
Сиа 45279 СН Hl 
Methyl iodide 
5НІ + HIO, = 3L + 3H;0 
(d) Fluorine reacts with methane with explosion with the production of carbon and HF. 
CH, + 2F > С + АНЕ. However, fluoro methane may be obtained by the action of 
methane with fluorine diluted by any inert gas like nitrogen. 
@ Mechanism of chlorination of methane. 
It is a free radical substitution reaction which involves the following steps. 
(i) In the first step free radicals of chlorine are produced by the homolysis of Cl; atom. The required energy 
is supplied either by heating or by irradiating it to v.v light. 
а-а light, с. + а: 


(ii) In the second step the free radical of chlorine thus produced abstracts a H-atom from methane molecule 
to produce methyl free radical. 


H H 
d Hare Glen m Hd. + HCI 
H H 
„Methyl free radical, 


(iii) In the third step the methyl free radical so produced, on collision with another molecule of chlorine. 
abstracts a Cl-atom producing a molecule of methyl chloride and another chlorine free radical. 


\ \ 
аз + н-т, چ‎ ige 4d. 
H H 


' (e) At ordinary temperature chlorine does not react with methane but when ignited, a 
mixture of chlorine and methane explodes violently with the formation of carbon and hydrogen 
chloride. 

CH, + 2Ch mz C + 4НСІ 
(3) Thermal decomposition : When methane is heated strongly in absence of air, it 
decomposes to produce carbon and hydrogen. 


CH, 29€, C + 29 


(a) Oxidation—combustion : Methane burns in air or oxygen with the formation of 
carbon-di-oxide and water. 
CH, + 20; 2 СО, + 290 
(b) Catalytic oxidation : When a mixture of methane and oxygen (9 : 1) under a pressure ` 
of 200 atmosphere is passed through copper tubes (catalyst) at 200°C, methane is oxidised to 
give methanol. Methanol thus produced is further oxidised to give formaldehyde if excess 
oxygen is used. ) с 


2СН,+ O ос” 2CH40H 
Methanol 


Су 
CHO с” HCHO + H;O 
Formaldehyde 
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(c) Methane may also be oxidised to produce formaldehyde when a mixture of methane and 
oxygen is passed over heated catatyst e.g., molybdenum. 
CH, + 20 — HCHO + H;O. 


Ozonised oxygen reacts with methane to produce formaldehyde. 
СН, + 20; э HCHO + 207+ H,O 
(d) Slow combustion : When methane is treated with oxygen at high pressure and 


comparatively low temperature, the H-atoms of methane are converted one by one to —OH 
groups. The end products of this reaction are carbon di-oxide and water. 


OH 
o ; 0 
CH, => снон—©—> сн, ——. HCHO > нсоон OSES, + h,o 
Methane Methanol OH Formaldehyde Formic acid 


(4) Reaction with steam : When a mixture of methane and steam is passed over nickel 
catalyst heated to 800°С carbon monoxide and hydrogen are obtained. 
CH, + HO 4 CO + ЗН, 
(5) Nitration : Nitric acid has no action on methane under ordinary conditions, but at 300°— 
450°C, nitric acid vapour reacts with methane to produce nitro methane. 


CH, + HNO; “Ss cuo, + H,O 
Nitro methane 
(6) Pyrolysis : When methane is heated to 1000°C, it is decomposed to give carbon and 
hydrogen. 


ене ВО малон; 


(7) In presence of electric spark with nitrogen, it produces hydrogen and hydrocyanic acid. 


2CH,4 №, „ейі ай, оыс + 3H, 
(8) When a mixture of methane and ammonia is passed over finely powdered alumina at 
100-150°C, hydrogen and hydrocyanic acid are produced. 


А.О 
CH, + NH; 100°—-156С” HCN + 3H, 


€ Uses of methane. 

(i) Methane is used as fuel. 

(ii) It is extensively used in the manufacture of hydrogen and carbon black. Carbon black 
is used in making printers ink and black paints. 

(iii) It is used for the production of methanol, formaldehyde, methyl chloride, carbon tetra 
chloride etc. 

ө Test : Methane is mixed with ozonised oxygen when methane is oxidised to give 
formaldehyde. The formation of formaldehyde is. detected by. its characteristic pungent 
smell. 

The formation of formaldehyde can be confirmed by the following test (Schryver’s colour 
test). 

To a mixture of 2 ml of phenyl hydrazinc hydrochloride and 1 ml of 596 potassium 
ferricyanide solution, very dilute solution of formaldehyde is added. To this resulting solution 
5 ml of conc. HCl is added when a rosy red colour is produced. 
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e Ethane e 
"n 


qun 


Ethane is the second member of the alkane 
series. It occurs in natural gas. 
5.6. Preparation of ethane. 
(1) Laboratory method of preparation : 
(a) By the reduction of ethyl iodide with 
zinc-copper couple and ethanol. Ball-stick model of ethane Molecule 
[A] Principle : Pure ethane is prepared in the laboratory by reducing ethyl iodide with zinc- 
copper couple or aluminium amalgam and ethanol... i 
CHCHal ZnCucowple, СНз-СНз+ HI 
Ethyl iodide. ethanol Ethane 
The procedure and collection: of ethane are like that of methane as described under 
laboratory method of preparation of methane by reduction of CH;I. 
(2) Kolbe's electrolytic method-By the electrolysis of concentrated solution of sodium or 
potassium acetate. ۴ 
[A] Principle : By this method, ethane is prepared in the laboratory by the electrolysis of 
‚ aconcentrated aqueous solution of sodium or potassium acetate using platinum electrodes. On 
passing electric current ethane is liberated at the anode. 


2CH,COONa zx 2СН;СОО + 2Na* 
2H,0 = 20H + 2H" 
At cathode : 2H* + 2e — ЊТ 
Atanode :2CH 4C00—2e — 2СН,СОО 4 C,H, + 2CO;T 


[B] Procedure : The apparatus used in this process consists of a porous pot fitted with a 
delivery tube and a platinum anode. The other end of the delivery tube is dipped in a wash-bottle 
containing caustic potash solution. 


ET concentrated Coustic 
solution of CH,COONa _ potash soln, 
Fig. 5:3 : 
The porous pot is filled with a concentrated solution of sodium acetate which is placed in 
a larger vessel. The larger vessel is also filled with sodium acetate solution. A copper cathode 
is dipped in the solution of sodium acetate in the larger vessel. 
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When an electric current is passed through the solution, ethane and carbon di-oxide are 
liberated at the anode and Н; is liberated at the cathode. 

The mixture of ethane and СО; is passed through the caustic potash solution kept in the 
wash-bottle, carbon di-oxide is absorbed in the caustic potash solution and ethane passes on 
which is collected by the downward displacement of water. 

(3) By Wurtz reaction : Ethane is obtained when methyl iodide is heated with metallic 
sodium in dry ether solution. Two molecules of methyl iodides are condensed to form ethane 
by losing their iodine atoms as Nal. 


CH; Hi + 2Na + if CH; Hm CH;-CH, + 2Nal 


N ^ is Ethane 
(4) By the decarboxylation of sodium propionate : Ethane is prepared by heating strongly 
a mixture of anhydrous sodium propionate and soda lime (NaOH + СаО). 
CH;CH,COONa + NaOH ee CH;CH; + Na;CO; 
Sodium propionate Ethane 
The procedure of this process is like that of the preparation of methane from sodium acetate 
as described under laboratory method of preparation of methane. 
(5) By the hydrolysis of ethyl magnesium iodide (Grignard reagent) : Ethyl magnesium 
iodide on hydrolysis gives ethane. 
CH;CH;-Mg-l + H.OH — CH;-CH; + Mg(OH)I. 
(6) Ethane is also prepared when a mixture of ethylene or acetylene and hydrogen is passed 
over nickel catalyst at 250°C. 


CH=CH, —2H , CH,-CH, 
Ni cat 


Ethylene Ethane 
HC=CH l> CH;-CH, 
Acetylene Ethane 


(7) Acetaldehyde when reduced with amalgamated zinc and conc. НСІ liberates ethane 
(Clemensen reduction). 
Zn/Hg[4H] 
CH;CHO "CU Cone HE СН; + HO 
5.7. Properties of ethane. 

[A] Physical : Ethane is a colourless, testeless and odourless gas. It is practically insoluble 
in water but soluble alcohol and ether. It liquefies to a colourless liquid at –88.3°С. 

[B] Chemical : (1) Stability : Ethane resembles methane so far as the chemical reactions 
are concerned. Like methane it is very stable to commun reagents like acids, alkalis, oxidising 
agents at ordinary temperatures. 

(2) Combustion : (a) Ethane burns in air or oxygen when ignited, with the formation of CO; 


and H5O. 
2C,Hs + 70; — 4CO, + 6Н,0. 
(b) When a mixture of ethane and oxygen at high pressure (200 atmosphere) is passed 
through a copper tube (catalyst) at 200°C, ethane is oxidised to give ethanol which is further 
oxidised to acetaldehyde if excess of O; is used. 


[ol [О] 
CH-CH, -cuar CH.CHOH —с—> CH,CHO 


Ethane Ethanol Acetaldehyde 
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(3) Halogenation : Ethane reacts with halogens to form substitution products. In presence 
of diffused sun light or U.V. light, chlorine replaces all the 6 hydrogen atoms of ethane one by 
one yielding different substitution products and ultimately hexa chloro ethane is obtained. 
Much greater number of products are obtained because there are larger number of hydrogen 
atoms in ethane and isomerism is possible in its substitution products e.g., two chloro ethanes 
are possible CH4CHCI, (ethylidene chloride) and CH;CICH;CI (ethylene di-chloride). 


«d +С 
CH, A> сун Ob. GHCh OE. CHHCh A. л: Ке 


aS Dichloro Trichloro Tetrachloro 
chloride ethane ethane ethane 
HCI + Cla 
CC «3. CHCI, 
Hexachloro Pentachloro 
ethane ethane 


Ethane contains two methyl groups. So during its substitution reactions with Cl, or Br; two 
isomers are possible in its di-substituted products. e'g., 
CH5-CH; + Cl ——  CH;CHcCI 
Ethyl chloride 


CH;CI-CH;CI 
CH;-CH,Cl+ Ch—< 1,2-dichloro ethane 
CH;-CHCI, 


1,1-dichloro ethane 
Ethane does not react with iodine. 
(4) Nitration : When ethane reacts with nitric acid vapour at 400°C, nitro ethane is 


produced. 400°C 
СН;-СН,Н + HONO, =» CH;CH,NO,+ HO 


Nitro еһапе 
(5) Pyrolysis : On being heated to 500°C in absence of air, ethane decomposes mainly to 


give ethylene. 
cH-cH, E> суң, + H 


Ethane Ethylene 
(6) Dehydrogenation : When ethane is heated at 450°C in absence of air and in presence 
of a catalyst АО, + Сг›Оз, one molecule of H is given off from one molecule of ethane with 
the formation of ethylene. 450°C 
CH3-CH3 CALO COs CH;2CH; + Н, 


ө Uses of ethane : It is used as fuel and for making ethyl bromide. It is also used in the 
manufacture of ethylene. 


e Questions е 
1. Describe the general methods of preparation of alkanes (any 5]. 
2. Write equations for the preparation of n-butane from (а) mbutyl bromide, (b) ethyl bromide, 
(c) 2-butene, (d) pentanoic acid. j 
[Hints : (a) CHCH,CH,CHBr > CHACH,CH:CH, + Hr 
Butyl bromide + alcohol n-Bulane 


(b) CHBr + 2Na + CHBr — > Се + 2NoBr 
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2H 
(с) HC ec ons MGR CH3CH;CH;CHs 
HH 


(d) | CHjCH,CH,CH,COOH + NaOH — :СН:СН:СН:СН,СООМа 
NaOH А 
CH;CH;CH;CH;COONa — дате ^ Ci Hio + Na;CO3] 


3. Discuss the mechanism of chlorination of methane. 
4. Write short notes on— 


(a) Halogenation of alkanes (b) Wurtz reaction 

(c) Conformations of ethane (d) Octane number 

(е) Kolbe's reaction (f) Sabatier-Senderens reaction 
(g) Aromatisation (h) Catalytic cracking 


5. How will you prepare. 
(i) n-Hexane from n-Butyric acid, (ii) Ethane from acetylene, (iii) Ethene from ethane, (iv) Ethene from methane, 


(v) Butane from ethane, (vi) Propane from methane, (vii) Methane from acetic acid, (viii) Ethane from methane and 
vice versa, (іх) n-butane from 1-butyne, (х) Butane from acetylene, (xi) Methyl alcohol from methane, (xii) Methane 
from ethylene, (xiii) Propane from acetone, (xiv) Methane from СО; and Н», (xv) Ethane and butane from ethyl 
iodide, (xvi) Acetic acid from methane, (xvii) Ethane from methyl iodide, (xviii) Ethane from ethanol, (xix) Ethane 
from acetic acid. 


6. Explain why— 


(i) Ethylene is more active than ethane. 

(ii) Alkanes are inert. 

(iii) Cl; and Br; can replace hydrogen atoms from methane but lz can not. 

(iv) Methane does not react with chlorine in the dark. [L.I.T. ^83] 
(v) All the four C-H bonds in methane are identical. 

(vi) Neo pentane forms only one mono chloro compound. 

[Hints : Neo pentane has four identical melhyl groups and so it forms only one mono chloro product.] 


(vii) When alkanes are heated to high temperature the C-C bonds rather than С-Н bonds break. 
[W.B.J.E.E. 89] 


(viii) Butane is a convenient fuel for the use in the city. 
(ix)n-alkaneshave higher boiling points than the branched alkanes or n-pentane has higher boiling point 


than neo pentane. 


(x) The stability of the skew form of ethane is maximum. 

(xi) Alkanes are known as paraffins. 

(xii) Methane is known as marsh gas. 

(xiii) Although combustion of alkanes is a strongly exothermic process, it does not occur at moderate 


temperature. 


7. How is methane prepared in the laboratory ? How would you separate methane from acetylene ? 
8. What products would be expected from the reaction of sodium with 50 ::50 mixture of n-propyl chloride 


and iso propyl chloride ? 


9, What happens when— 


(i) Sodium acetate is heated with sodalime and the gas thus obtained is reacted with chlorine under v. у. light. 
(ii) Ethyl bromide is treated with water. 

(iii) Methane is treated with iodine in presence of oxidising agents. 
(iv) Ethane is treated with nitric acid vapour heated to 450°C. 

(у) n-Hexane is heated to 600°C in presence of CrzO and alumina. 
(vi) A mixture of sodium propionate and sodalime is heated. 

(vii) Aluminium carbide is treated with water. 

(ix) Methane is reacted with ozonised oxygen. 

(x) Ethyl iodide is added to zine copper couple and alcohol. 

(xi) A mixture of methane and steam is passed over nickel cctalyst. 
(xii) Ethyl magnesium iodide is treated with НО. 
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e Objective types of questions : 
Select the correct answer or answers. 
1. Among the following hydrocarbons the one being the lowest boiling point is 


(a) n-Hexane, (b) n-pentane, (c)Iso-pentane, (d) Neo-pentane. [Ans. (d]] 
2. Household gaseous fuel (LPG) mainly contains — 
(a) CHa, (b) C2H2, (c) CH, (9) СН. [Ans. (8) 


3. The most strained cyclo alkane is— 
(a) Cyclo propane, (b) Cyclo butane,, (с) Cyclo pentane, (d) Cyclo hexane. [Ans. (a]] ПАЛ. 81] 
4. The number of sigma and pi bonds in 1-butene-3-yne are— 


(a) 5 sigma and 5 pi (b) 7 sigma and 3 pi 

(c) 8 sigma and 2 pi (d) 6 sigma and 4 pi [Ans. (БЛАТ. *89] 
5. The halogen which is most reactive in the halogenation of alkanes under sun light is— 

(а) С, (Ы Bra, (e) lê [Ans (а). ГЫТ. *89] 
6. The molecule in which the distance between two adjecent carbon atoms is longest is— 

(a) Ethane, (Ы) Ethene, (с) Ethyne, (d) Benzene. [Ans. (a)) ПАТ. 81] 


7. The compound having highest boiling point is— 
(a) n-Hexane, (b) n-pentane, (c) 2, 2-Dimethyl propane, (d) 2-methyl butane. [Ans. (a)) [1.1.T. 82] 
8. The reaction condition leading to the best yield of C;H«Cl are — 


vy 
(a) СН, (excess) + Cl; du 


b) CH + Cl; 


room temp 
c) CH + Cl; (excess) TUUM 
v, v. li 

(дуун; Che 7 6 (Ans. (o]] ГЫ, "86] 
9. Methane can be prepared by— i 

а) Wurtz reaction. (b) Decraboxylation. 

с) Hydrogenation reaction. (d) Alkyl magnesium bromide. [Ans. (b) (d)] 
10. The highest boiling point is expected from— 

а) Iso octane, (b) n-octane, (c) 2, 2, 3, 3-tetra methyl butane, (9) n-butane. [Ans. (b)] 
11. Kolbe’s electrolytic method.can be applied on— 

(a) Сн,Сн;СООК (b) КОСО (с) io (d) Sook 

CH;COOK CHCOOK CH;COONa. 


- [Ans. (a) (b) (c) (di) 
12. Which of the following reagents will react with ethane , : 


(a) alkaline KMnO4, (b) Bromine in dark, (с) lodine in presence of light, (d) Chlorine in presence 
of v. v. light. [Ans. (d)] 


UNSATURATED HYDROCARBONS 


€ ALKENES е 


6.1. Unsaturated Hydrocarbons. 

The hydrocarbons which contains С = C or С = С multiple bonds are called unsaturated 
hydrocarbons, e.g., ethylene, acetylene. 

Alkenes or Olefines : The unsaturated hydrocarbons whichcontain carbon-carbon double 
bond (C = C) in their molecules are called alkenes or olefines. The alkenes can be represented 
by the general formula C,H;,. Ethylene is the first member of the alkene series and propylene 
being thg second member. 

The double bond in alkenes consists of a sigma (с) bond and a pi (л) bond. The carbon 
atoms in ethylene are sp? hybridised (trigonal). The C-C sigma bond is formed by the 
overlapping of two sp? hybrid orbitals and C-C pie bond is formed by the lateral overlapping 
of suitable two p orbitals one on each C-atom. The C—H bonds are formed by the overlapping 
of sp? hybrid orbital of опе carbon atom and s orbital of hydrogen atom. The H-C-C or 
H-C-H bond angle in ethylene is 120°. $ 

The sigma bond of C=C bond is a strong bond (dissociation energy 95 k cal) and the 
pie bond is weak bond (dissociation energy 68 k cal). The total bond energy of C = C is 
163 k cal which is greater than that of C—C single bond in alkanes (88 k cal). As the two 
carbon atoms in ethylene are held more strongly to each other than those of in ethane, we 
can say that the C—C bond length in ethylene is shorter than the C—C single bond length 
in ethane. The C—C bond distance in ethylene is 1.34À whereas the C—C bond distance 
in ethane 1.54À. The alkenes are generally very active and due to-the presence of pie-bond 
they exhibit addition reactions. 


In propylene, there are two types of carbon atoms—the carbon atom of CH, group, 
in propylene is formed by sp? hybridisation while the other two C-atoms in propylene 
are sp? hybridised. 


c a а bond H 
H 
CH.—CH = CH, э Ши. 
dA eS 
зр? hybridised л bond зр? hybridised H H 


In propylene, out of nine atoms, 6 atoms (3-C atoms and 3-H atoms) lie in one plane, 
3-hydrogen atoms of CH; group lie in other plane. 
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Again in butadiene (an example of diene), the alkene contains two carbon-carbon double 
bonds. Inspite of the presence of C—C single bond in it, all the carbon atoms in butadiene 
are sp? hybridised. 


HC = CH-CH e CH; 


Butadiene 


The characteristics of alkenes are— 

(i) These hydrocarbons are very active. As the pi-electrons of the double bond in an alkene 
are less firmly bounded to the carbon nuclei, the pi bond in a alkene їз much weaker than 
the sigma bond. As a result it is easily broken in presence of a reagent. 

(ii) The alkenes generally exhibit addition reactions. 

(iii) The alkenes аге, generally represented by the general formula C,H. 

© Alkenyl group : The groups which are obtained by the removal of one hydrogen atom from alkenes 
are known аз alkenyl groups e.g., НС == CH- (ethynyl group] 

e isomerism of alkenes : Alkenes exhibit the following types of isomerism— 


(1) Chain isomerism : 


qns Нз 
CH3CH,CH = СН-СН, CH;-CH,-C = СН; CHy-CH-CH = CH; 
2-Pentene 2-Methyl-1-butene 3-Methyl-1-butene 
(2) Functional isomerism : CH.CH,CH = CH, HGH 
1-Butene н;с—Сн, 
Cyclo butane 
(3) Geometrical isomerism : CH, CH, 
H-C-CH; H,C-C-H 
Cis-2-Butene Trans-2-Butene 
(4) Position isomerism : CH; = СНСН:СН, CH,CH = CH.CH, 
1-Butene 2-Butene 


6.2. General methods of preparation of alkenes: 


(1) By the dehydration of alcohols : 

(a) When alcohols are heated with conc. H2SO, at 160°—180°С or with syrupy phosphoric 
acid at 200°C, they lose one molecule of water from their molecules with the formation of 
alkenes. 
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Conc. H;SO, 


R-CH,CHOH турс > RCH = СН. + НО 
Alcohol Alkene 
CH,CH;-CH;OH кл CH,CH=CH, + H,O 
Propyl alcohol Propene 
HPO, 
CH;CH,OH 00° СН, = СН, + H,O 
Еһапо! Ethylene 


(b) Alkenes may also be obtained by passing alcohol vapours over alumina (Al,0;) or 
anhydrous zinc chloride at 350°-400°C. 


Al 
CH;CH;-CH;OH a CH;-CH = СН, + H,O 
Propyl alcohol Propene 
@ Mechanism of dehydration of alcohol : 


нн 
са үч == cun n0. nd M Vue lcu, 
H 


H 
" (и) 

Structure : (I) Being protonated alcohol readily loses HO to form primary carbonium ion (ll). The later 
then loses Н? to produce desired alkene. Here conc. HO, acts as a dehydrating agent as well.as catalyst: 

e Saytzeff's rule : The dehydration of unsymmetrical secondary or tertiary alcohol 
is governed by Saytzeff's rule. According to this rule, during the dehydration of 
alcohols, when alternatives exist, the hydrogen atom is preferentially eliminated from 
that carbon atom which contains lesser number of hydrogen atoms i.e., the poor will 
become poorer. 

An alternative statement of Saytzeff's rule is that, in the elimination of hydroxyl and halide 
groups from a substrate, the preferred product will be that alkene which contains greater 
number of alkyl group attached to it i.e., the most symmetrical alkene is the preferred product 
at it is thermodynamically more stable. 

(i) The ease of dehydration of alcohols occur according to the following order— 

Tertiary alcohol > Secondary alcohol > Primary alcohol. 

(ii) When unsymmetrical secondary or tertiary alcohols are dehydrated, two different 
alkenes are obtained. Thus 2-butene is more preferred in accordance with Saytzeff's 
rule i.e., 


Сопё?Н 

s Ука DESIT ^» CH,CH = CHCH, (80%) 
снснёнс,— 195 LE 

do “> CH,CH;CH = CH, (20%) 
2-Butanol 1-Butene 


ө Saytzeff’s rule and role of carbonium ion : 

Saytzeff's rule is purely empirical—it can only predict the course of reaction but it can not explain the 
mechanism of the reaction. The actual mechanism of dehydration is the intermediate formation of carbonium 
ion, the stability of which actually controls the formation of preferred course. This can be clearly shown by 
studying the dehydration of n-butanol, which in accordance with Saytzeff's rule mainly forms 2-butene (80%) 
rather than 1-butene (20%). 


UNSATURATED HYDROCARBONS 115 


CHCHCHCH,OH + HY —> сенен ا‎ , ссн енн; 
(n-butanol) H (p-carbonium ion) 


The above primary carbonium ion is unstable and will rearrange to.a more stable secondary carbonium 
ion by a hydride (Н) shift [: H = hydrogen with its bonding pair of electrons]. 


H нен 
ctn (ён, Eae CH.— pC CHi "> CHCH = CHCH; 
H 


H 
(1° Carbonium ion (2° Carbonium ion 
least stable) - more stable) 

Again Saytzeff*s rule predicts that dehydration of 3, 3-Dimethyl 2-butanol on dehydration produces 
preferentially 2, 3-Dimethyl 2-butene but not 3, 3-Dimethyl-1-butene. This is because, all reactions that proceed 
via carbonium ion mechanism are very much susceptible to undergo rearrangement. In the above reaction a 
secondary carbonium ion is rearranged to more stable tertiary carbonium ion via methyl shift ( CH; as shown 
below. Thus, while Saytzeff’s rule is the prediction of results, stability of carbonium ion is the cause of that result. 


e H qu H qu " 
" 
CH = (CH —=› CH i-o 95 hc — GCh 
CH; :QH CH, :O-H CH; 
Ü (2? Carbonium ion: 
relatively unstable) 
ju v 
: CH; shift 
Ch x Cc—ch t Hg — CCH; 
CH; CH; 
3° Carbonium ion 
(more stable) 
ad ceres 
E M Page 
сн, —c 97% =. E. 28 = SUM 
CH; 


2, 3-Dimethyl-2-butene 


(2) By the dehydro-halogenation of alkyl halides i.e., by the removal of hydrogen halides 
from alkyl halides : 

An alkyl halide on being heated with alcoholic solution of caustic potash yields alkene by 
the removal of a molecule of hydrogen halide from its molecule. Sodium hydroxide is less used 
in this reaction due to its greater solubility in alcohol. 

(Remember that a reaction of ап alkyl halide with an.aqueous solution of KOH gives 
alcohol.) 


RCH,CH, X iiia R-CH = CH, + KX + ЊО 
Alkyl halide Alcohol [R = Н, or alkyl group, X = CI, Brill 
KOH 
сненні agg?  CHrCH=Cl + KCI + HO 
Propyl chloride Propylene 
@ Mechanism : 


HH 
1 
ОН + CH ДУ ————> CH.CH = CH, + НО + СГ 


нн 
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It is an example of -elimination bimolecular (E-2) involving one step concerted mechanism which is 
comparable to Syrreaction . ` 


In this type of reaction, the halogen atom of the alkyl halide is removed along with 2- hydrogen atom 
(i.e., the H-atom which is attached to the carbon atom adjacent to the halogen bearing carbon atom) of the 
alkyl halide causing the formation of a carbon-carbon double bond in between the two C-atoms. 

There is а possibility of formation of two different alkenes by the dehydro-halogenation of an unsymmetrical 
secondary or tertiary alkyl halide by alcoholic KOH, but the elimination of hydrogen atom from the alkyl 
halide is governed by Saytzeff^s rule. 

Thus, in the dehydro-halogenation of 2-Bromo butane the following result is obtained in accordance with 
Saytzeff’s rule. 


CHCH = CHCH; (80%) ^ 
aoni 07 mm 
; CH2= CHCH;CH; (20%) 
А 1-Butene 
The ease of dehydro-halogenation of alkyl halides is 
Tertiary alkyl halide > Secondary alkyl halide > Primary alkyl halide. 


(3) By the dehydro-halogenation of vicinal di-halides with zinc dust in alcohol. 


A di-halo-alkane having two halogen atoms on the adjacent carbon atoms, reacts with 
zinc dust and boiling methanol or ethanol to produce an alkene. 


H.C—CH, раб CH, = СН, + ZnBr, 


Вг Вг Ethylene 
Ethylene. di-bromide 
CH.-CH—CH, Ads. CH.CH = CH, + ZnBr, 
Br Вг Propene 


1, 2-Dibromo propane 


(4) By Kolbe's electrolytic method : When electric current is passed through an aqueous 


solution of potassium or sodium salts of a saturated dibasic carboxylic acid, alkenes are 
liberated at the anode. 


CH,COOK |,  CH.COO - 


CH,COOK `~  . CH,COO 
Potassium succinate 
HO == H + OH. 
At cathode : 2H* + 2e > Н, T 
At anode : СНСОО ~ CH;COO 


— 2e—> 
CH,COO CH,COO 


+ 2K* 


CH, 
— | + 2CO; 
CH, 
Ethylene 
(5) By the partial hydrogenation of alkynes : Alkynes react with hydrogen in presence 
of Raney nickel or Lindlar catalyst (finely divided palladium or platium deactivated by 


poisens like BaSO,, CaCO; or quinoline) when the alkynes are partially hydrogenated to 
form alkenes. 
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RC=CR +H, uae R-CH-CHR 
Alkyne сонин Alkene 
H-C=C-H 4H Jom H,C = СН, 
Acetylene ке Ethylene 
CH;-C = С-Н +H, on, CH,-CH = CH; 
Propyne د‎ Propene 


(6) Pyrolysis or cracking : When alkanes are passed through a tube heated at 500*—750*C 
in absence of air, the alkanes are thermally decomposed to give lower alkanes and alkenes. 
n-Butane is thus thermally decomposed to give ргорепе and methane. 


Cia Тш ы талир НЫС C Haman, СНА 


rrButane Propene 
(7) From Grignard reagent : By this method all the alkenes may be prepared except ethene. 


H.C = CH, + RMgCI —2®> RH + СН, = CHMgCI > СН, = CH-R + MgCl, 
Vinyl Mg chloride Alkene 
(8) By heating quarternary ammonium hydroxide : Tetra ethyl ammonium hydroxide 
on being heated gives ethene. 
(C,Hs),NOH — C,H, + (С.Н), + ЊО 
Tetra ethyl ammonium hydroxide Ethene Tri ethyl amine 


Elimination of OH", СЇ, Br or Г ions are guided by Saytzeffs rule, but the elimination reaction involving 
quaternary ammonium hydroxide is eon агу another empirical rule known as Hofmann rule which states 
"In the elimination reaction of unsymmetrical ammonium hydroxide, hydrogen is eliminated Кот B-ca 

atom having greater number of hydrogen atom i.e., the al кепе with less number of alkyl group attached to 
double bond is more preferably formed". Thus Hofmann rule predicts products opposite to that of Saytzeff. 


CHsCHs-CH-CHs CH4CH = CH=CH; + НО + N(CH) 
Cho ÒH- Minor 
CHa СНСН,СН = CH, + H;O + NiCHs)s 
Major 
6.3. Properties of alkenes. 

[A] Physical : The first three alkenes e.g. ethene, propene and butene are gases at 
ordinary temperature. The next 14 alkenes are liquids and the alkenes with more than 18 
carbon atoms are solids. The gaseous alkenes are colourless and odourless—only ethylene 
has a sweet smell. All the alkenes are soluble in organic solvents like ether, benzene etc. 
The densities and boiling points increase with the increase of molecular weights. 

[B] Chemical : (i) Alkenes or olefines are unsaturated hydrocarbons. The pie-electrons 
of a double bond in alkenes are less firmly bounded to the carbon nuclei. (ii) The C—C 
л bond in alkene is formed due to the lateral overlapping of the two p-orbitals one of each 
carbon atom. As a result, pie-bond in an alkene is much weaker than a sigma bond and so 
it is easily broken in presence of a reagent. 

The alkenes undergo 5 types of reaction— 

(i) Combustion, (it) Addition reaction, (iii) Polymerisation, (iv) Substitution reaction and 
(v) Oxidation reaction. 

(1) Combustion : When burnt in air or oxygen, the alkenes burn with the formation of 
carbon dioxide and water. h 

CH, = СН, + 30, — 2CO, + 290 
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(2) Addition reaction : An addition reaction is that in which atoms or group of atoms 
are simply added to a double bond or triple bond without the elimination of any atom or 
other molecules. In an addition reaction at least one pie bond is converted to two new sigma 
bonds and thus the double bond becemes saturated and the triple bond is either converted 
to double bond or may become saturated due to further addition. The product formed due 
to an addition reaction is called addition product. The most important reactions of alkenes 
are the addition reactions. 

€ Mechanism of addition to C — C bond in alkenes : 

The pie electrons of a double bond are weakly bound to the carbon nuclei and consequently a carbon- 

‚ carbon double bond acts as supplier of electrons to electrophilic reagents. The electrophilic reagents are electron 
deficient. The addition of a reagent E — Nu to an alkene involves the following steps : 


Step 1: At first the reagent E — Nu dissociates to give an eletrophile (positive ion) and а nucleophile 
[negative ion). 
E—N > E + No 
Electrophile ^ Nucleophile 


Step Il : The produced electrophile E'attacks the C=C bond to form a covalent sigma bond with one 
carbon atom and as a result the other carbon atom becomes positively charged to form a carbonium ion. 


т не Е “ 6 yi 
MASA d ас ер ek + Ni —> ала 
Alkene Carbonium ion Addition product 


Step IIl : The nucleophile : Nu now attacks the carbonium ion fo produce the addition product. 


As these types of addition reactions are started by the electrophiles E*, they are known as electrophile 
addition reactions. The eletrophiles E* are generally H*, Cl", Br* etc., and the nucleophiles : Nu are generally 
CF, Br, OH, OSO3H. 


The important addition reactions of alkenes are discussed here. 


(i) Addition of hydrogen : In presence of a catalyst e.g., finely divided platinum, or 
palladium or Raney nickel at ordinary temperature, hydrogen is added to the double bond 
of an alkene with the formation of the corresponding alkane. Hydrogen is also added to the 


double bond of an alkene in presence of finely divided nickel at 200°-300°С with the formation 
of alkane. 


R-CH—CH-R р R-CH-CH,-R R= Albi group 
Alkene Alkane 
CH, — CH- CH; Ste» CH; = CH,- CH, 
Propene Propane 
CH, = CH, - йс” СН, CH, 
Ethylene Ethane 


(ii) Addition of halogens : The halogens e.g., chlorine and bromine combine with alkenes 
in presence of an inert solvent like carbon tetra chloride, at it ordinary temperature to produce 
saturated dihalogen derivatives. 


R-CH=CH-R + сь —S , R-CH-CH-R 
aad 
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He Sor qo esum l-C-G-H, 
Ethylene CI CI 

Ethylene di-chloride 

CH, = CH, + E H-C-C-H 
Ethylene (Red) Br Br 


Ethylene di-bromide (colourless) 
The addition of bromine in carbon tetra chloride solvent provides a quick test for unsaturation, as the 
red colour of the bromine is rapidly discharged due to the formation of colourless dibromo derivatives. 
lodine reacts with alkenes in slow process and the reaction is reversible. 
(iii) Addition of hydrogen halides : Hydrogen halides e.g., НСІ, HBr and HI react with 
alkenes to form the corresponding alkyl halides. t 


(a) if the alkene is symmetrical about its double bond as in ethylene or 2-Butene, only 
one alkyl halide is produced. 


CH, = CH, + НВг ——— CH, - CH, - Br 
„ Ethylene Ethyl bromide 


CH,CH = CH.CH, + HCl ———> CH,CH, - CHBr CH; 
2-Butene 2-Bromo butane 
(b) On the other hand, when the alkene is unsymmetrical as in propene CH;CH = CH; 
or 1-Вшепе CH; = CH-CH,CH; etc., two products are possible. For example propene reacts 
with HBr in two ways. 
Br 
CH;CH ~ CH; (2-Bromo propane) I 


b ope rese 
CH, – СН = СН; "+ ^HBt— 


Ргорепе же Roi 


CH;CH, - СН,Вг (1-Bromo propane) II 


It is found that the product I is the major product and very small amount of product 
Il is formed. In such cases, the addition of hydrogen halide HX to an unsymmetrical alkene 
is governed by Markownikoff's rule. 


ө Markownikoff's rule : 

When an unsymmetrical polar reagent (such as HX, H,SO,, HOCI etc.) adds to an 
unsymmetrical alkene; the negative or more negative part of the reagent is added to that 
carbon atom of the double bond which contains lesser number of hydrogen atom (s). 

The positive part of the reagent is added to the other carbon atom of the double bond. 
For example, let us consider the addition of hydrogen bromide (a polar reagent) with 
propene (an unsymmetrical alkene). As Br atom is the negative part of the hydrogen bromide 
(H’Br ) molecule, during the addition of HBr to propene, the negative part Br of HBr 
molecule, is added to the second atom of propene as it contains lesser number of 
hydrogen atom. 


CH-II/43 
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C-atom containing Negative part 
lesser number of H-atom 


x 7 
‘CH= Жн = Ой, + Br > CH—CH—CRH, 
Br 


‚ Propylene 
2-Bromo propane 
СН. СН. 
[СУ ӘТ 38 ^N Ira 
CH,- pas 4 ———> CH,—C—CH, 
I 
2-Methyl prop-1-ene 2-lodo-2-methyl propane 


An unsymmetrical alkene which has the same number of hydrogen atoms in the two 
unsaturated carbon atoms e.g., 2-pentene, the addition product should Contain equal amounts 
of the two isomers. 

С! 


i 
CH;CH,CH-CH;-CH; 
CH,CH;CH = CH-CH, + НСІ үзә роне 
2-Репіепе CH;CH;CH;-CH-CH; 
c 


2-Chloro pentane 
© Deviation from Markownikoff's rule—The peroxide effect —Anti Markownikoff's 
addition : 


Markownikoff's rule can not be taken as a universal one as Kharasch observed that the 
addition of hydrogen bromide (not НСІ or HI) to unsymmetrical alkene €.g., propene in 
presence of oxygen or organic peroxides (R-O-O-R) yields mainly n-propyl bromide, which 
is contrary to the Markownikoff's rule. This phenomenon is known as peroxide effect. Peroxide 
effect does not apply to the àddition of HCl or HI. 

In presence 


CH;-CH;-CHjBr 
mPropyl bromide 
(Anti Markownikoff product) 
za 
CH;-CH-CH, 
2-Bromo propane 
(Markownikoff product) 


* Addition of other polar reagents to an unsymmetrical alkene according to 
Markownikoff’s rule are shown here. 


CH;—CH = CH, 
Propylene 


of peroxide 


Air ндо, 
BHSO.  RLCH-CH, 
R—CH = CH, юа R-CH-CH;CI 
Unsymmetrical alkene oH 
; ћсч 


R-CH-CH, 
CN 
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ө Mechanism of addition of HX according to Markownikoff/s rule : 
The mechanism of addition of Н Br to propene according to Markownikolf's rule involves ће following steps : 
Step | : Formation of electrophile and nucleophile from hydrogen bromide. 
HBr э H + B 
Electfophile Nucleophile 
Step Il : The electrophile (proton) attacks the double bond of the alkene to form а more stable carbonium 
ion. This can be done in either of the two ways | or Il. 


| + 
CH;-CH-CHs 
(X gas Carbenium ion 
CHCH =°CH, + H*t——>| (more stable) 
Ш 
Ш ссн Сн, 


1° Carbonium ion 
(less, stable) 


Step Ш : Now as the 2° carbonium ion is more stable than 1° carbonium ion, the bromide ion: attacks 
the 2° carbonium ion to produce the major product. 
+ js 
CH3- CH = CH; + Вг ———* CH, - CH - CH; 
2°. Carbonium 2-Bromo propane 
@ Mechanism of the peroxide effect : 
The addition of HBr to propene in presence of an organic peroxide involves the following steps : 
Step 1 : Organic peroxide dissociates to produce alkoxy free radicals. 
R-O-O-R —— RO: ` 
Alkoxy free radical 
Step II : Alkoxy free radical thus produced attacks ће HBr molecule to produce bromine (Br) free 
radical. 
RON Н: Br——> В-ОН + Вг. 
Free radical 
Step Ш: (Bre ) free radical now attacks the propene molecule to produce a primary i.e., 1? free radical 
and a secondary or 2° free radical. 2? free radicol is more stable than 1? free radicol. 
i 


«MX 2 
eee ee ——»сну—С—Сн; 


ШЕ ei 
E 61617 ^ “Br ——> CH;-CH—CHgr 
Nr 2° free rodi | 
(more stal lel 


Step IV : The more stable 2° free radical thus produced now attacks the HBr molecule to produce anti 
Markownikoff's product. } 
сн,—©н-с@ + Н j oma CH,CH,CH,Br + Вг. 
2° free radica п-Ргоруі bromide 


€ HCl or НІ does not give anti Markownikoff’s product—explain why. 

Only the HBr and not HCI or HI exhibits the peroxide effect. This is because of the fact that H-Cl bond 
strength is too strong to be broken by the alkoxy free radical to give Cle free radical, On the other hand, 
as the H-I bond strength is much weaker, it breaks easily by the alkoxy free radical to give (I+) free radicals. 
But due to the bigger size of the iodine atom, the (I+) free radicals combine together to form |; molecule rather 
than to add to the double bond in alkenes. 
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(iv) Addition of hypohalous acid (HOX) : 
Alkenes react with hypohalous acids to produce halo-hydrins. Markownikoff's rule is 
followed in case of unsymmetrical alkenes. 
EL 


HC = CH, 1 HOCD-— . "CH CH, 
Ethelene chloro hydrine 
H Cl 
CH-CH = CH, + HOC! > cH,—CH—CH, 
Propelene chloro hydrine 
(v) Addition with sulphuric acid : Alkenes react with conc. H,SO, to form alkyl hydrogen 
sulphate (ester). In H,SO, molecule O SO;H being the negative part and Н* being the positive 
part. Markownikoff's rule is also followed in this reaction. Alkyl hydrogen sulphate on 
hydrolysis yields alcohols. 


эй, 100°С 

H,C = СН, + HOSOH —— H,C-CH,0SO,H 

Ethyl hydrogen sulphate 

100°C & 

H,C-CH;OSO:H + H,O — —* H;C-CH;0H + H;SO, 

Ethyl alcohol 

SO;H 

CH-CH = СН, + ĤO SOH ——>CH,-CH-CH, 

Iso propyl hydrogen sulphate 


9 Ls H 
CH-CH-CH, 4 O-H du CH;-CH-CH, + Н,50, 
Iso propyl alcohol 


(3) Oxidation : (i) Alkenes are oxidised to give glycols i.e., dihydroxy alcohols, when 
they are treated with alkaline solution of potassium permanganate (Baeyer's reagent). In 
this reaction two -OH groups are added to the double bond with the formation of colourless 
glycol. As a result the pink colour of KMnO, soln. is discharged. For this reason, Baeyer's 
reagent is used as a test for detecting the presence of double bond in aliphatic hydrocarbons. 


Sv dodo tal НО жо?! Se A 
Е юка "RS 
OH OH 
Alkene Glycol 
OH OH 
HO + O 
СН;—СН = СН, мо? CH;—CH—CH, 
4 
Propene Propelene glycol or 
1, 2-Propane diol 


Oxidation with osmium tetroxide : Glycols are formed when an alkene is treated with OsO, and the 
product is refluxed with NaHSO,. . j 
TETON o, AO моно, сњон 

CHO ^ So - 


CH; 
1 + ОО, ——> + HOsO, 
CH; 


Glycol 
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(ii) When an alkene (except ethylene) is treated with hot potassium permanganate solution, 
it is oxidised to give ketones or acids. 


(9) 
CH;-CH = CH, usd Ld + CO, + H,O 
Propene Acetic acid 


O 
CHC = CH, Tuna CHE = O + CO; «HO 
CH, CH, 


2-Methyl-1-propene Acetone 


О; 
CHC = وت‎ a CH-Ç = O + y pom O 
CH, H CH; 
2-Methyl-2-butene Acetone . De m 

Note that CO; is formed from terminal = CH, the CH in the alkene bond becomes -COOH and RC 
becomes ketone. | 

(iii) Catalytic oxidation : Alkenes in presence of silver as catalyst, react with oxygen 
at 250°—400°C to produce epoxides. 


CH, — CH)! О, ف‎ a CH, 


Ethylene Ethylene oxide 
Dx 
CH,—CH ='CHy 30; — CH.—CH — CH; 
Propylene oxide 


(4) Ozonolysis : When ozonised oxygen is passed through an alkene in an inert solvent 
like carbon tetra chloride, chloroform, the ozone molecule adds to the double bond to form 
ozonide. The produced ozonide on warming with zinc dust and water, is decomposed to give 
an aldehyde or ketone or a mixture of both depending on the structure of the alkene. 

The 2-step process of the formation of an ozonide by the addition of ozone to an alkene 
and the subsequent decomposition of produced ozonide with ice cold water and Zn dust to 
form the carbonyl compound of compounds is known as ozonolysis. 


0+—+0 
Hea CH О ЕЕ H,C-Lo-L¢cH, #2. JHCHO + њо, 
Ethylene ozonide Formaldehyde 


i 
CH, - CH = CH, + 0, — воно ен, 42, CH,CHO + HCHO + њо, 
Ргорепе Propylene ozonide Acetaldehyde ^ Formaldehyde 

Zn dust is used during the hydrolysis of ozonide because it inhibits the formation of Н.О, 
which can otherwise oxidise the produced aldehydes or ketones to acids. 


124 . ELEMENTS OF CHEMISTRY 


Example : 
(i) In the alkene of the type R — CH = CH - R; if R = К, = Н atom, two molecules 
of formaldehyde are obtained. 


H-C-C-H40,—— аад —H —O. әнсно + но, 


Н Н Formaldehyde 
Ethylene 
(ii) When R = Н atom and К; = any alkyl group e.g., CH; the alkene becomes propylene 
and on its ozonolysis 1 molecule of formaldehyde and one molecule of acetaldehyde are 
obtained. 


H - ÇC = C =CH; + О; eH 1а i CH HO, HCHO + CH,CHO + H,O, 
Ж н | dis i 
Propylene «ла зы 

(iii) When R = an alkyl group e.g., -CH and R, = another alkyl group e.g., —C;H;, on 

ozonolysis one molecule of acetaldehyde and 1 molecule of propionaldehyde are obtained. 


| | 
CH; - T = T - GH; + О, —> CH C—O C—CaHs 
H H 


Nx 
tirqo jh, E» сњсно + GHICHO + Н.О, 
H} | H Acetaldehyde — Propionaldehyde 


(iv) When two alkyl groups are joined to each of the two carbon atoms attached to the 
double bond of an alkene, 2 molecules of ketones are obtained by its ozonolysis. 
© 3 
CH; = i = т CH; + О, —— CCH, 
CH; CH; CH; CH, 
E. 
CH 6—0—0— a CH= C30. + 0-C-CH, + ЊО, 
бн, ©н, en бн, 


cetone 
(v) When an alkene having two double о is subjected to ozonolysis, à carbonyl and 
di-carbonyl compounds are produced. [e] O O [e] 


; | al | 
СН, = СН-СН = CH, + 0,——- Н. aaa о H 
à 1, 3-Buta-diene я S T 1 


[нол 


о 
їй ЇЇ 
H-Ç=0 + H-C—C-H + О = С-Н 


H H 
Formaldehyde Glyoxale 1 Formaldehyde 
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(vi) By the ozonolysis of-a eyelic alkene, one molecule of dicarbonyl is obtained. 


1 
BC ен pegy o SARE EO ың, 
E zpI--4-I---- = C-CH; Lh = 
ео т у Ё EX NEM ina ste oe a V 
/ HC =e —O05 H H 
H Butane-1, 4-di ol 


€ Location of the position of a double bond in an unknown alkene. 

By identifying the products obtained by the decomposition of the ozonide, Ihe position of the double bond 
in an unknown alkene can be easily located. This is because of the fact that the oxygenated carbon atoms 
in the carbonyl compounds obtained by the ozonolysis, are the ones which were connected by a double bond 
in the original alkene, 

(a) Now, let us suppose that an unknown alkene on ozonolysis gives the following carbonyl compounds. 


Shar Gir? and Cat 
H 


H 
Acetaldehyde Formaldehyde 
Now the two oxygen atoms are removed and the iwo oxygenated carbon atoms are joined by a double 
bond when we get the structure of the original alkene. Thus the following alkene is obtained, 


removed 
CH; - = OO; C EE Che cecch 
H н н 


Ргорепе 
(b) On ozonolysis of an alkene one molecule of acetone and one molecule of acetaldehyde аге 


obtained. We are to find out the original alkene. 


Cic =O О= Ç CH: 
CHa H 
Acetone Acetaldehyde 
Now by removing the two oxygen atoms and joining the oxygenated C atoms we get, 
removi 
o-c-Btg-c-o& — Ch; = Ç = Ç - Ch, 
CHa H CH; H 


2-Methyl-2-butene 

(5) Polymerisation : Two or-more molecules of a simple alkene under suitable conditions 
unite with one another to yield a single large molecule of a new compound, the molecular 
weight of which is an exact multiple of that of the original alkene. The molecular union of such 
type is known as polymerisation. The starting compound is known as monomer and product 
having high molecular weight is known as polymer. 

Thus liquid ethylene under pressure, when heated to a temperature of 200°C in presence 
of oxygen or a peroxide catalyst, yields a solid polymer called polythene. 

MCH; = CH) 209 > [-CH.-CH--], 
liquid ethene til Polythene 

(6) Isomerisation : Alkenes on being heated to 200°—300°С in presence of a catalyst 

aluminium sulphate, undergo isomerisation. 


CH;-CH = CHCH, 


Wie 2-Butene 
CH;-CHi-CH = CH; ا‎ ü 
1-Butene ? 

CHC = CH; 


2-Methyl-1-propene 
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(7)Substitution reaction of alkenes with halogens : Alkenes may also exhibit substitution 
reactions with halogens at high temperature. For example, ethylene undergoes substitution 
reaction with chlorine when heated to 400°C with the formation of vinyl chloride. Propene adds 
one atom of chlorine at allylic position when heated to 500°C to produce allyl chloride. 


H;C'= CH; + Ch “22S СН, = СНСІ + НСІ 
Ethene Vinyl chloride 
CH,-CH = сні cu 9. CH;-CH = CH; + HCl 
Propene с 
Allyl chloride ог 3-Chloro ргор-1-епе 

(8) Hydroboration : Tri alkyl boranes are formed by the action of di borane (BzH,) with alkenes. 

3[R-CH = CH] + BH, ———> (R-CH;CH.)s8 

Tri alkyl borane 

Primary alcohols are produced by the action of tri-alkyl borane with an alkaline solution of НО». 


(RCH,CH,);3B + ЊО; HO, oa CH;CH;OH + HBO, 
(9) Prileschaive's reaction : Alkenes react with organic peroxides to form alkene epoxides. 


t 
CHa = CH = CH; + C,„HCOOOH ————» CH;—CH—CH, + C,HsCOOH 
Per benzoic acid Epoxy propane 
@ ETHYLENE or ETHENE ө 
H и КЬ. LES H 
HA Bon ad SH 

Ethylene is the first member of the alkene series. It is found to be present in natural gas and 
coal gas. 

6.4. Preparation of ethylene. 

1. Laboratory method of preparation : 

[A] Principle : Ethylene is prepared in the laboratory by heating ethanol with excess of 
concentrated sulphuric acid at 160°-180°C. Ethylene is produced by the elimination of one 
molecule of water from one molecule of ethanol. 

The reaction takes place in 2 steps. 

(a) In the first step at 100°C ethanol reacts with conc. H,SO, to form ethyl hydrogen sulphate. 

CH,CH,OH + H.HsO,— C. снсн,нѕо, + но 
Ethanol Ethyl hydrogen ‘sulphate 

(b) In the second step, the ethyl hydrogen sulphate thus produced, is decomposed at 160°- 

180°C to produce ethylene and H,SO,. 


CH,CH,HSO, 160° - 180°C, CH, = СН, + H,SO, 
Ethylene 
[B] Procedure : A mixture of 95% ethyl alcohol (ethanol) and conc. H,SO, in the ratio 
1 : 2 by volume, is taken in a round bottomed flask fitted with a dropping funnel, a delivery tube 
and a thermometer. The bulb of the thermometer is kept immersed in the liquid inside the flask. 
Small amount of sand and aluminium sulphate are added to the mixture in the flask to prevent 
excessive frothing during heating. The other end of the delivery tube is connected to two wash 


UNSATURATED HYDROCARBONS 127 


bottles containing aqueous solution of caustic soda or caustic potash, The delivery tube coming 
out of the last wash bottle is dipped in water in a trough. 
> а flask with its contents is then heated оп a sand bath to 170°-180°C when ethylene is 
produced. 
After sometime, the evolution of ethylene slows down. A fresh mixture of equal volume of 
ethyl alcohol and conc. H;SO, is slowly added from the dropping funnel for a continuous supply 
of the gas. 


Fig. 6.1 : Preparation of ethylene 

[С] Purification : Ethylene thus produced is contaminated with little CO; and SO,. The 
produced ethylene is passed through two wash bottles containing conc, KOH solution, where 
CO, and SO, are absorbed. Ethylene free from CO; and SO, is collected in the gas jar by the 
downward displacement of water. 

To get a dry sample of ethylene, the gas after passing through the KOH solution, is further 
passed through anhydrous calcium chloride and is collected over mercury. 

10) The role of H;$O, : Conc. H;SO, acts os agent in this reaction which is regenerated after the 
reaction. Consequently, theoretically it seems that a ‘amount of conc. H,SO, con be used fo convert a large 
amount of ethanol to ethylene. But in practice it is not so—the conc. acid is added to the mixture from time to time 
to get a continuous yield of ethylene. 

It is due to the fact that at 170?-180*C some port of H;SO, gets decomposed to form SO», Again in the 
first part of reaction, water is produced which makes the conc, H,SO, dilute. Now dilute Н;5О, hos по 
weite dem Consequently conc. H;SO, is added to the mixture from time to time to make up the loss 
of H;SO,. 

(ii) In the preparation of ethylene the dehydration of ethanal, he iors cf conc НО, shall ba grote 
thon ethanol the quantity of kanal greater than conc. H50, the temperature of the reaction be 
less than 160°C i.e., 140°C, di ethyl ether will be the product instead of ethylene, 


d----- 1 


cH OH HJO Hs uet CHOC + HO} 
Diethyl ether 
2. Ethylene free from CO; and SO; is prepared by dehydrating ethanolby syrupy phosphoric 
acid at 220°C, 
CH,CH,OH =m НС =CH, + HO 
Ethanol x 


3. When ethyl halide is heated with alcoholic solution of sodium or potassium hydroxide, 
a molecule of hydrogen halide is eliminated with the formation of ethylene. 
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CH.CH;CI + KOH а CH, = CH; &'KCl + H,O 


Ethyl chloride Ethylene 
CH,CH,Br + КОН اا‎ CH, = СН, + KBr + H,O 
Ethyl: bromide 


4. From vicinal or vic. dihalides : Pure ethylene can be prepared when vic. dihalides are 
heated with zinc dust in alcohol. Thus ethylene is obtained by heating ethylene dibromide with 
Zn dust in alcohol. 

H.C—CH: + Zn А. gc = CH, + ZnBr, 
Br Br 


5. Ethylene is prepared on a large scale by passing ethanol vapour through an iron tube 
containing alumina at 360°C when ethanol is dehydrated by alumina to give ethylene. 


CH,CH,OH 40 = HC = CH, + ЊО 
Ethanol (vapour) 


6. Kolbe's electrolytic process : Ethylene can also be prepared by this process when a 
concentrated aqueous solution of sodium or potassium succinate is electrolysed using platinum 
electrodes. Ethylene along with CO; are liberated at the anode, CO, is removed by passing the 
gas mixture through KOH solution. 

VESCOONG ج‎ ÇHCOO т 
CH,COONa ^ СНСОО + 2Na* 
2H;0 == 20H "« 2H* 
At cathode: ..2H* + 2e >H, T 
At anode : COO, CH;COO т 
-2e x] +. 2C0,,T 
cH,coo 7^5 "Geoo * "CH, 4 
7. By the partial hydrogenation of acetylene : Ethylene may also be obtained by the partial 
catalytic hydrogenation of acetylene. Acetylene reacts hydrogen in presence of Lindlar's 
catalyst (Pd poisoned with CaCO; + quinoline) at 200°C when acetyleneis partially hydrogenated 
to give ethylene. 


H-C=C-H + н, Pom ud H.C - CH; 
Acetylene Ethene 
@ Properties of Ethylene : 
1 [A] Physical : Ethylene is acolourless gas having a sweet smell. It is slightly heavier than air. 
It is slightly soluble in water, but dissolves in organic solvents like alcohol, ether, benzene etc. 
. [B] Chemical : Ethylene undergoes 5 types of reactions e.g., (i) Combustion, (ii) Addition 
reaction, (iit) Polymerisation, (iv) Substitution reaction, (у) Oxidation reaction. . 
(1) Combustion : (а) When ethylene is burnt in air or Oz, it burns with the formation of CO; 
and H5O. 
С.Н, + 30, — 2CO, + 2H0. J 
(b) When a mixture of ethylene and chlorine is ignited, ethylene burns producing black 
particles of carbon and hydrogen chloride. 
Н.С = CH; + 2Cl, —2C + 4НС1. 
This reaction proves that ethylene contains carbon. 
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(2) Addition reaction : Ethylene has two carbon atoms connected by a double bond. The 
double bond consists of a sigma bond and a pie bond. The pie electrons are weakly bounded 
to the carbon atoms and consequently the double bond of ethylene is the most active centre and 
so it undergoes addition reactions with different reagents with the formation of stable saturated 
compounds. During addition reaction when active monovalent atoms or groups come in contact 
with ethylene, they are added to the free valencies formed due to the rapture of pie bond 
producing addition products. 

(i) Addition with hydrogen : In presence of Raney nickel or finely divided polladium or 
platinum, hydrogen is added to the double bond of ethylene to produce ethane. 


HCH; +H, ——* CH=CH; 
Pd Eh 
апе 
(ii) Addition of halogens : (a) The halogens e.g., chlorine and bromine combine with 


ethylene in presence of inert solvent like carbon tetra chloride at ordinary temperature to 
produce ethylene di chloride and ethylene di bromide respectively. 


HC = CH; «ct + nec 
CI Cl 
1, 2-Dichloro ethane or 
Ethylene dichloride 
сс, 
H,C = CH, + В, —— HC—CH, 
Br Br 
1, 2-Dibromo ethane or Ethylene 
dibromide (Colourless) 


The addition of bromine in carbon tetra chloride solvent provides a quick test for 
unsaturation as the red colour of bromine is readily discharged due to the formation of 
colourless ethylene di bromide. 

(b) Ethylene combines with iodine less readily with the formation of ethylene di iodide. 


cl 
H,C=CH, + —SS > ње сн, 


J.T 
Ethylene di iodide 
(iii) Addition of hydrogen halide : Ethylene combines with halogen hydracids with the 


formation of ethyl halides. The order of reactivity is HI > HBr > НСІ. 
(a) Ethylene combines with hydrogen iodide at room temperature to produce ethyl iodide. 


НС = СН, + HI —> CH;CH;I 
Ethyl iodide 
(b) Ethylene adds to hydrogen bromide to produce ethyl bromide or bromo ethane. 
Н.С = CH; + HBr —> CH;CH;Br 
Ethyl bromide 
(c) Ethylene combines with hydrogen chloride at 40°C in presence of anhydrous aluminium 
chloride to form ethyl chloride. 


40°C 
H,C =CH, + HCl Ae 7 CH;CH;CI 
: : uw Ethyl chloride 
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(iv) Addition of hypochlorous acid : Ethylene adds to hypochlorous acid with the 
formation of chloro hydrin. х 
H,C = СН, + НОСІ > HaHa 

OH CI 
Ethylene chlorohydrin 
When ethylene chlorohydrin is treated with an alkali, it is converted to ethylene oxide. 
Hc = CH; + KOH s> H,C—CH)+ KCI + HO 
OH CI 
Ethylene chlorohydrin Ethylene oxide 

(у) Addition of sulphuric acid : Ethylene readily combines with fuming sulphuric acid at 

ordinary temperature or with conc. Н›$О, at 100°С to produce ethyl hydrogen sulphate. 


H;C = СН, + HO-SO;H — CH4-CH,—O0SO;H 
Ethyl hydrogen sulphate 
This property of ethylene is used to seperate ethylene from other gases like CH4, C2H2, CO: 
etc. 
(3) Substitution reaction of ethylene : When a mixture of ethylene and chlorine is heated 
to 3509 — 400? C, one of the H atoms of ethylene is replaced by Cl atom to produce a substitution 
product called vinyl chloride. 


400°C 
= (—] ———— = (—] 
H—C ¢ Н+ Сі, oer Е Н + НСІ 
H H H Cl 

Vinyl chloride 
(4) Oxidation reaction : (a) Ethylene is oxidised to give ethylene glycol or ethane-1, 2-diol 
when it is treated with cold and dilute alKaline solution of potassium permanganate solution 
(Baeyer's reagent). In this reaction two -OH groups are added to the double bond of ethylene 
for which the pink colour of KMnO, solution is discharged. For this reason, Baeyer's reagent 
is used as a test for detection of the presence of double or triple bond in aliphatic hydro- 

carbons. 


OH OH 
H,C = CH, + HO + 0 Alene, НС CH, 
Ethylene glycol 


(b) Catalytic oxidation : Ethylene in presence of silver catalyst reacts with oxygen at 250°- 

400°C to produce ethylene oxide. 
нс=Сњ+0 —2* H,C—CH 
Ethylene 
Ethylene oxide 

(c) Ozonolysis : When ozone is passed through a solution of ethylene in an inert solvent like 
carbon tetrachloride or haxane, three atoms of oxygen are added to ethylene molecule with the 
formation of ethylene ozonide. The produced ozonide on being treated.with water along with 
zinc dust or dil НСІ, is converted to two molecules of formaldehyde. 

0-0 
Zn dust 


| t 
HC = CH, +O, ————> H,C—O—CH, ho” 2HCHO + H,O: 
Ethylene ozonide 5 Formaldehyde 
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[Ethylene ozonide thus produced und is with water or dilute HCl to produce formal 
and НО». The produced formaldehyde ok a НО, to formic erg То beri this онен 
dust is added which reduces НО; to HO. Zn + H:O; = ZnO + Н.О] 

(5) Polymerisation : Ethylene is at first liquefied under a pressure of 1500-2000 atmasphere. 
When this liquid ethylene is heated to 150°-200°C in presence of a peroxide or oxygen or Cr;O; 
catalyst, a large number of ethylene molecules combine together to form a long chain molecule 
of poly ethylene or polythene. 


(HC = CH) —@с—— [-H,C-CH-], 


Polythene 
(6) Ethylene reacts with sulphur mono chloride to produce mustard gas. 
CI-CH,-CH, 
2[H;C = CH;] + $СЬ —— —* + S 
CI-CH;-CH, 
Mustard gas 


(7) Hydroboration reaction : Diborane reacts with ethylene to produce tri ethyl borane. Tri 
ethyl borane thus produced reacts with alkaline solution of H,02 to produce ethyl alcohol. 


3[H,C = CH] BH, > (CH:CH)B > 3C,H,OH + HBO, 
Ethylene Diborane Tri ethyl borane Ethanol 


е Uses of ethylene : 

Ethylene is extensively used in the preparation of polythene. It is also used in the 
manufacture of synthetic rubber, ethylene dichloride, ethylene di bromide and mustard gas. Yt 
is used as an anaesthetic. 

€ Test of ethylene : 

(i) When ethylene gas is passed through a 5% solution of bromine incarbon tetra chloride, 
rapid decolorisation of the red colour of bromine takes place due to the formation of colourless 
ethylene dibromide. са 

H,C = CH, + В, ———*> Hı(—ÇHz 
Br Br 

(ii) When ethylene gas is shaken with alkaline solution of potassium permanganate, rapid 
decolorisation ofthe pink colour of the solution takes place due to the formation of ethylene 
glycol, which confirms the presence of ethylene. This is known as Baeyer’s test. 

OH OH 


i П 
HC = CH; + HO + O E H,C—CH, 


Ethylene glycold (Colourless) 

€ Detection of unsaturation i.e., а compound containing double bond or triple bond 
between two carbon atoms. 

The organic compounds which contains double bond or triple bond between two carbon 
atoms can be detected by the following tests. 

(1) Baeyer's Test : The given sample is dissolved in alcohol. A few drops of aqueous 
solution of sodium carbonate is added to it. Then one or two drops of potassium permanganate 
solution is added to the mixture. A rapid decolourisation of the pink colour of the solution 
confirms the presence of unsaturated compound. 


$ a Alkaline. a _ a7 
26 = elt HO +0 О, AY = CK (Colourless) 


он OH 
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(2) Decolorisation of bromine: The given sample is dissolved in carbon tetra chloride. A 
5% solution of bromine in carbon tetra chloride is added to the solution of the sample. 
Decolorisation of the red colour of ' bromine confirms the presence of double or triple bond in 


the given sample. 


Вр Ссн: Cc Gg 2 Cı 


Br Br 
Colourless 


е Revision chart for the preparation and properties of ethylene : 


PREPARATION 


Excess 
Ethanol con SO, 


©НОН те0°-180°С 


Ethyl halide KOH 


CHX Oa EERE 
аңа. Insel, 
Ethanol АЬО» 
vapour 360°C 
Хуе 


H xn Has ачды 
HC = CH ^ ~pd/CaCOs 


Sodium 
succinate 
HCOONa Aqueous soln. 


CH;COONa ectroly: 


PROPERTIES 


Combustion 
CO; + О 
in аїг/ Оз MS 


Combustion 


C HCl 
Rn 
f Gale j| tO o ni dn 
усо! 
2006 ^ E 
Ethylene oxide 
LO HERD? Cg "EH 
Ni/200°C Ethan’ 
ecc. i 
pee eigen 
d d 


Ethylene dichloride 


Addition Bro/CCla m. 
"or 


Br Br 
Ethylene dibromide 
а CH4CHX 

Ethyl halide 


Conc. HSOs, CH,—CH,OSOH 


100°C Ethyl H. sulphate 
HOCI He 20 сњ 
он а 


Ethylene chlorohydrin 


[болув St 70-0 2S airo 
О о Formal 


dehyde 


PH 0,/200°С 
>f Polymerisation r mrd [{-Сн›-Сн;], 


Polythene 


Cla 
—— СН, = CHCI 
400°C Vinyl chloride 
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6.5. Propylene or propene. 
Preparation : (1) Propylene is prepared in the laboratory by dehydrating /-propanol or 2- 
propanol by conc. H50; at 170-180°C. 


Conc. H,SO, 
CH;.CH(OH)CH; тте t CH;-CH = CH, + HO 


2-Propanol Propylene 


(ii) It can also be obtained by dehydro- halogenation of I-bromo or 2- bromo propane by 
alcoholic solution of KOH. 
KOH 


CH;,—CHBr-CH; ЛР Alesha CH;-CH = CH, + KBr + H:O 


2-Bromo propane Propene 
Properties : It is an unsymmetrical alkene. Its chemical properties are given in the chart 
below : 


СО, + НО 


сена 
СН,;-СН(ОН)-СН;ОН 
Propylene glycol 


CH;CH;CHs 

Propane 
CH;CHCICH,Cl 

1, 2-Dichloro propane 
CH;CHBrCH,Br ` 

1, 2-Dibromo propane 


CH;CH(Br)CH3 
2-Bromo propane 
CH;CH2CH,Br 
1-Bromo propane 
Снн CH; 
OSOH 
Iso propyl hydrogen sulphate 


CHy—CH—CH; 


Propylene oxide 


bus [беа 19. CHy-CH-O-CH, ise CH;CHO + HCHO 


a nl Sie CICH;-CH = CH, 
E Allyl chloride 
e [Рдутегзойоп] > Pee h presse b ii^ 
tem ture |, 


Poly HEPPA 
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€ Dienes or Alka dienes : 3 


The alkenes which contain two carbon-carbon double bonds in their molecules, are known as dienes or alka 
dienes. Dienes are of 3 types— 


(1) Non conjugated dienes : The alkenes in which the double bonds are separated by more than one single 
bond, are known as non conjugated dienes e.g., 
CH; = CH-CHz-CH = CH; 
1, 4-Penta diene 
(2) Conjugated dienes : The alkene in which the double bonds are separated by one single bond, is known 
as conjugated dienes e.g., 
CH; = CH-CH = CH-CH; СН, = Ga = CH, 
1, 3-Penta diene CH; 
2-Methyl-1, 3-butadiene 
(3) Cumulated dienes : The alkene in which the double bonds are situated adjecent to each other, is known 
as cumulated diene e.g., | 
CH, = С = CH; CH,—CH = С = CH—CH; 
1, 2-Propa diene (allene) 2, 3-Penta diene 
Among these dienes, the properties of conjugated dienes are quite different from those of other dienes. 


G 1, 3-Butadiene has the following features. 
я MH Е 
N, p-p Ж а (1):АЇ the four carbon atoms of 1, 3- 
С ео С : Butadiene are sp? hybridised. 
e BY wey | | 

E [o v (2) The pie electrons forming the double 

ж ud à bonds are delocalised over the whole molecule 

and so it exhibits resonance. 
Butadiene 


Hg.62 ci, = CH—CH- CH, e» CHrCH-CH=CH e CH-CH = CH-CH, 
(3) Butadiene adds H;, HX and X, in two different ways with the formation of two different 


products. 
СНу—СН;—СН = CH; 
В 1-Butene (1, 2 addition) 
(i) CHy = CH=CH = CH, —«R— 
CH,—CH = CH—CH3 
2-Butene (1, 4 addition) 


r r 


CH,—CH—CH = CH, 
3, 4-Dibromo-1-bute 

(i) CH = CH=CH = CH, B> MY А T 
i r 

CH,—CH = CH—CH, 


1, 4 Dibromo-2-butene 
Г 


CH,—CH—CH = CH, 
3 3-Bromo butene-1 
(ii) сн, = CH=CH = cH, E 
: CH,—cH = CH—CH,Br 


1-Bromo butene-2 
Butadiene is used for the preparation of Buna-s rubber. 
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€ ALKYNES ө 


The unsaturated hydrocarbons which contain carbon-carbon triple bonds (C & C) in 
their molecules are known as alkynes. The alkynes can be represented by the general formula 
C, Ho, р 

The triple bond in alkynes consists of one strong sigma bond and two weak pie bonds. 
The two carbon atoms in alkynes, which are joined to each other by triple bond, are sp 
hybridised (diagonal). The C-C sigma bond of the triple bond is formed by the overlapping 
of two sp hybrid orbitals, one on each carbon atom and the two C-C pie bonds are formed 
by the lateral overlapping of four p orbitals, two on each carbon atom. The С-Н bonds are 
formed by the over lapping of sp hybrid orbital of one carbon atom and s orbital of 
hydrogen atom. 

Thus acetylene has one C-C sigma bond, two C-C pie bonds and two C-H sigma 
bonds. 


быды 
Єй 


Sigma bonds in acetylene 


Fig. 6.3 


The total bond energy of C =C triple bond is 198 kcal which is stronger than C = C double 
bond in ethylene. As the two carbon atoms in acetylene are held more strongly to each 
other, the C=C bond length in acetylene is shorter than the C = C bond lengths in ethylene. The 
C-C distance in acetylene is 1.2À and C-H bond length is 1.08À. Acetylene molecule being 
a linear one, the H-C-C bond angle is 180°. 

Alkynyl radicals are formed when one hydrogen atom is removed from an alkyne 
e.g. 

HC = C- Н-С = C CH- H,C-C =: C- 

Ethynyl 2-Propynyl 1-Ргорупуі 

e Isomerism exhibited by alkynes : Except ethyne and propyne, the higher alkynes exhibit 
the following types of isomerism. 

(a) Chain isomerism : 


Ha 

CH,CH;CH;C = CH CH,-CH-C = CH 

1-Pentyne 3-Methyl-1 -butyne 
(b) Functional isomerism : 
CH;-CH,C = CH CH; = CH-CH = CH; H,C-C = C-CH; 
1-Butyne 1, 3-Butadiene 2-Butyne 
(c) Position isomerism : 

Hy 

CH,CH;CH,C = CH СН:СН,С = С-СН; CH = C-CH-CH; 
T-Pentyne 2-Pentyne 3-Methyl-1butyne 


Alkynes do not exhibit geometrical isomerism because the molecule around the triple bond 
is linear. Я 


CH-11/44 
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6.6. General methods of preparation of alkynes. 
(1) By dehydro halogenation of vicinal dihalides : Alkynes are produced by the reaction 
of vicinal dihalides with alcoholic solution of KOH followed by sodium amide. 


H H H Br 
в VIC гь (к=н) нев ese EO 
Br ora SE Main Eq сэти 
Br Br Vinyl bromide 
Vic. dibromide 
H Br NaNH. | 
R—C-C—H . —— — »R—CEC-H + NaBr + МН, 
Vinyl bromide Alkyne 
Py hr 
н—б—с—н КОН н ссн ME c= cH 
Br H Vinyl bromide Acetylene 
1, 2-Dibromo ethane : 
у Rr zi a NaNH: 
CH,—¢—C—H CH cH—c-C—H —  — CH,C=C—H 
Br H 1-Bromo-1-propene Propyne 


1, 2-Di bromo propane 


(2) By dehalogenation of tetra halides : 1, 1, 2, 2-tetra halides on being heated with zinc 
dust in alcohol yield alkynes. 


x x 
Roc bo + ола 9e, к сс оң + 2ZaX 
{ж vt i wigs + mn 


Alkyne 
Br Br 
| alcohol 29 
CH,—C—C—H + 2Zn a coe CH;—C =C—H + 2ZnBr, 
Br Br Propyne 


1,1,2,2-Tetra bromo propane 


(3) By the reaction of calcium carbide with water : Calcium carbide reacts with water at 
ordinary temperature to form acetylene and calcium hydroxide. 


саў + 2HOH ———— H—C=C—H + Ca(OH), 
Ca Acetylene 
Ca. Carbide 


(4) To prepare alkynes having greater number of carbon atoms, from sodium 
acetylides. 


(i) This method is used to convert lower alkynes into higher alkynes. At first mono sodium 
acetylide is prepared by the action of acetylene with metallic sodium dissolved in liquid 
ammonia. 

liquid 
H-C=C-H + Na ae H-C=C-Na + iH 
Acetylene к Mono sod. acetylide 
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(ii) Mono sodium acetylide thus produced is reacted with primary alkyl halides to give 
alkynes having greater number of carbon atoms. 


НС =C—Na + C,H;Br ——> H—C =C—CH; + NaBr 
Mono sodium Ethyl bromide 1-Butyne 
acetylide 


(5) Preparation of di methyl acetylene from acetylene. 
Rue liquid е. 
Н—С= С H +2Ма—ң > Na—C =C—Na + Ho 


Acetylene Di sodium acetylide 
Na—C = C—Na + 2CHJI a CH;—C= C—CH; + 2Nal 
Di methyl acetylene 


6.7. General properties of alkynes. 

[A] Physical : The first 3 members of alkyne series are gases. The next 8 members are 
liquids and the rests are solids. Alkynes are very slightly soluble in water but dissolves in 
organic solvents like acetone, benzene, ethanol: There is a regular increase of boiling points and 
melting points with the increase of molecular weights. 

[B] Chemical properties of alkynes : 

(1) Combustion : Alkynes burn in air or oxygen with a luminous flame to produce СО; and 
H,0. 

2C;H; + 50, ——> 4CO, + 290 

When burnt in a limited supply of О», they produce large quantity of shoots. 

(2) Addition reactions ; Alkynes are generally more reactive than alkenes. Alkynes give 
the same kind of addition reactions like those of alkenes, the only difference is that, in case of 
alkenes the addition takes place in one step but with alkynes the addition may take place in one 
or two steps according to the conditions. 

At first, one of the two pi bonds in alkynes is raptured with the formation of two free 
valencies and the triple bond is converted to double bond. In the next step, the п bond of the 
double.bond is raptured with the formation of single bond and 2 free valencies. 


[" 
H—C=C—H ee = qu EB a H 


Some of the addition reactions of alkynes are given here. 

(i) Addition of hydrogen : In presence of nickel catalyst at 160°C or palladium or platinum 
catalyst at ordinary temperature, alkynes combine with 2 molecules of hydrogen, at first with the 
formation of corresponding alkenes and then alkanes. 


H H 
: | 3 | 
сн,—С =СН +Н›—үдур—> СНС = CH + нта CHF CH 
H 
Propyne ]-Propene Propane 


The addition of hydrogen can be stopped at the alkene stage by using Lindlar's catalyst 
which is Pd poisoned with BaSO; containing quinoline. i 


| 
2. Ра = 
CH,—C = CH BaSO, + quinoline CH,—C = CH; 
Propyne Propene 


138 ELEMENTS OF CHEMISTRY 


(ii) Addition of halogens : Halogens are added to the alkynes in two steps-in the first step the 
dihalides are formed and in the second step tetra halides are formed. 


С q g S: 

CHC = сн > cu, c = CHE > CH—Ç—ÇH 

C CI 

Propyne 1,2-Dichloro 1,1,2,2-Tetra chloro 

propene propane 
pr is Br p 
CH = CH + Bn —— HC = C—H r, H—C—CH 
Br Br 

Acetylene 1,2-Dibromo ethene _ 1,1,2,2-Tetra brome ethane 


(iii) Addition of halogen acids : 

(a) The symmetrical alkynes add halogen acids in two steps. In the first step one molecule 
of halogen acid is added to а symmetrical alkyne to produce an unsymmetrical halide of the 
corresponding alkene. In the second step the addition of halogen acid takes place according to 
the Markownikoff's rule. As a result both the halogen atoms are added to the same carbon 


atom. H cl 
(D CH;—C = C—CH,-HCl ___, CH,—C-C—CH; 
2-Butyne 2-Chloro-2-butene 
EIL... Cl H Cl 


IN pin 
(ID CH;—C = C—CH; + HCl. ——> Сн — fen Hs 


н Cl 
2-chloro-2-butyne 2,2- Di-chloro butane 
(b) In case of unsymmetrical alkynes, the addition of halogen acids takes place according 
to Markownikoff's rule from the very first step. 
Br is 


| 
CH,—C = CH + HBr ——> CH, C= СН, НЫ CHC- CH, 


br 
Propyne 2-Bromo propene 2,2-Dibromo propane 


(iv) Addition of hydrogen cyanide : Hydrogen cyanide adds to alkynes in presence of barium 
cyanide as a catalyst. Thus HCN is added to acetylene to form vinyl cyanide or acrylonitrile. 


Н с= сен. HON Tui" H—C- cH 


pressure 


Vinyl E Чы nitrile) 
(v) Addition of hypohalous acid : Hypohalous acids add to an alkyne to form halo aldehydes 
or halo ketones. The addition of hypo-halous acids takes place according to Markownikoff' s 
rule. 


on OH [0] 

ноа l -HO | 
CH,C = c mes cH e = CHCI === e eee EROS. —27»CH,—C—CHCh 
OH 1, 1-Dichloro- 


Propyne unstable ` unstable 2-propanone 
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OH OH 
HOCI | | : 
н—С= c—H- IS gc cuo HOC, g— C—CHCI HO, H—C—CHCl, 
OH Dichloro- 
Acetylene unstable unstable оу» 


(vi) Addition of water (Hydration of alkynes) : Alkynes react with water in presence of 20% 
sulphuric acid and mercuric sulphate to produce aldehydes or ketones as the final product. 


O—H о 
За 20% HSO; ! i 
CH,—C = CH + H.OH EIU CH,—C = CH, ———» CH,—C—CH, 
Propyne Unstable Acetone 
H 


| 
H—CzC—H + HOH к=з oy eh e n i Ud 


HH—O H 
Acetylene Unstable Acetaldehyde 


(vii) Addition with acetic acid : Acetylene reacts with acetic acid in presence of Hg** with 
the formation of vinyl acetate which is finally converted to ethylidene di acetate. 


OCOCH, 
ч | ; 
H—C = С-Н + СНСООН "9", H—C=CH Cua aac ake 
н OCOCH; OCOCH; 
Acetylene Acetic acid Vinyl acetate Ethylidene diacetate 


(3) Ozonolysis : Ozone is added to alkynes to form ozonides which on decomposition with 
H:O yields diketones and hydrogen peroxide. The produced H0; oxidises the dicarbonyl 
compounds to form carboxylic acids as the final products. 


0 0 
HS i 
D CHC = CH +0; — CH—C—C—-H БОРЫН, С—С—н+н.о, 


Ргорупе Propyne ozonide Methyl glyoxale 


VOTO) 
el ll 
dI) CH,—C—C—H + HO, —> CH;COOH + HCOOH 
Methyl glyoxale Acetic acid Formic acid 


(4) Oxidation : Alkynes are oxidised by alkaline potassium permanganate solution to form 
carboxylic acids. 


CH,—C =CH аск? СНСООН + СО, 
Ргорупе Acetic acid 


о 
u il 
H—C = с-н gc уб” HO—C—C—O0H 
Acelylene Oxalic acid 
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(5) Isomerisation : (i) Alkynes on being heated with traces of alcoholic KOH and NaNH, 
undergo isomerisation in which triple bond of the alkyne shifts towards the centre. When 
1-butyne is heated with alcoholic KOH and NaNH, it is converted to 2-butyne. 

CH,—CH,—C = CH = 9lehelic KOH , Сн, c = C—CH, 
NaNH;A 
1-Butyne 2-Butyne 
2-Butyne is converted tol-Butyne when it is heated with NaNH; in non polar solvent paraffin. 


CH,—C = CCH, Ko > CH,CH;C = Сма O —- CH.CH.C = CH 
2-Butyne 1-Butyne 

(6) Formation of metallic derivatives (Alkynides) : The -C =CH group in alkynes have 

slightly acidic nature and consequently its H-atom can be replaced by some metals to give 

metallic derivatives called acetylides. Acetylene has two such H-atoms and so two such H 

atoms of acetyléne can be replaced with the formation of metallic acetylides. 1-alkynes have 

only one such H-atom so it can form only mono metallic derivatives. Other alkynes do fiot have 
such H atoms and so they can not form acetylides. 


H—C = C—H CH,—C = C—H CH,—C z C—CH; 
Acetylene 1-Propyne 2-Butyne 
has two acidic H-atoms has 1 acidic H-atom has no acidic H-atom 


Acetylides are easily converted to give the original alkynes when treated with dilute acids. 
So this reaction is used for the purification, separation and identification of alkynes. 


(a) Formation of sodium acetylides : Acetylene and mono alkyl acetylenes react with 
metallic sodium in liquid ammonia or NaNH; to produce acetylides. 


нес 20H Ма б > н съ сма ЮМ ма С = C—Na 


Acetylene 1 Mono sodium 12916 Di sodium 
acetylide acetylide 
CH,—C = С-Н Mla > Сн,—С= C_Na 
Propyne Sod. propynide 


Mono sodium acetylides react with primary alkyl halides to form higher alkynes. 
үү EE 
H—C = C—iNa + ICH ys H—C = ССН, + Nal 
Mono sodiuti- 77^ Propyne 
acetylide 


CH,—C = Сн № „сн, C = CNa— > CH,—C = C—CH; + Nal 
Propyne Sod. propynide 2-Butyne 
(b) Formation of copper and silver acetylides : Red ppt of copper acetylide are produced by 
passing acetylene or mono alkyl alkynes through an ammoniacal solution of cuprous chloride. 


HC = CH + CuCl, 219 Cu—C = C—Cu + 2NH.CI 
Copper acetylide (red ppt) 
White precipitate of silver acetylides are obtained by passing alkynes through ammoniacal 
solution of silver nitrate. 


H—C = CH +2AgNO, 23 „ Ag—C =C—Ag + 2NHINO; 
Silver acetylide 
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The formation of acetylides are used to detect rhe presence of acetylinic hydrogen atom in 
an alkyne. For example, CH;CH,C = CH butyne-1 gives red ppt. with ammoniacal CuCl 
solution while butyne-2 CH3-C = C-CH; does not give any such ppt. with ammoniacal cuprous 
chloride solution as it has no acetylinic hydrogen atom. 


CH,CH C= CH + Cuch МОН. CH,CH c = c Cu 


Butyne-1 Red ppt 
CHC = C-CH, + Cu, COS No reaction 
Butyne-2 
(7) Polymerisation : (a) Cyclic polymerisation : When alkynes are passed through red hot 


copper tube, their molecules polymerise to produce aromatic hydro carbons. This is the way 
for passing from aliphatic to aromatic compounds. 


p p 
с 
N 
HC айын (sie CH 
Ч San camel 
|| сес 
“© с2 HC N\A CH, 
HC | Н 1 
H 
3 Molecules of propyne 1, 3, 5 Tri methyl benzene 


(b) Linear polymerisation : When acetylene is passed into cuprous chloride solution with 
ammonium chloride or dry HCl gas, two molecules of acetylene combine together to form vinyl 
acetylene. This in known as demerisation. 


HC = CH + HC — CH La, CH; = CH-C = CH 
2 Molecules of acetylene Vinyl acetylene 
Vinyl acetylene is an important compound as it reacts with HCl to form 2-chloro 1, 3-buta diene (chloroprene). 
It is used in the manufacture of synthetic rubber neoprene. 
а 
CH= СН-С= CH + НІ ——> CH= CHC = CH; 
Vinyl acetylene Chloroprene 


Vinyl acetylene further reacts with one more molecule of acetylene to form divinyl acetylene. 
CH= СН-С = CH+HC = CH a СҢ, = СНЕС == C-CH == CH; 
Vinyl acetylene Divinyl acetylene 
e ACETYLENE OR ETHYNEe [H-C=C-H] 
6.8. Preparation of acetylene. 
(1) Laboratory method of preparation : 


[A] Principle : In the laboratory, acetylene is prepared by the action of water on calcium 
carbide. The reaction takes place at ordinary temperature. 


c= 2 + 2H.0H ———> H-C == С-Н + Ca(OH): 
Са а 
Ca carbide 
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[B] Procedure : Lumps of calcium carbide are placed on a layer of sand in a conical flask 
fitted with a dropping funnel and a delivery tube. The other end of the delivery tube is dipped 
in water in a trough. The air inside the 
flask is removed by passing oil gas, 
because acetylene forms an explosive 
gas mixture with air. Now water is 
dropped from the dropping funnel on the 
calcium carbide in the flask. As soon as 
the carbide comes in contact with water, 
acetyleneevolves. Aftersometime when 
the oil gas from the flask and the delivery 
tube is expelled, a gas jar filled with 
water is placed inverted over the end of 
the delivery tube. The acetylene gas is 
Fig. 6.4 : Preparation of acetylene collected by the displacement of water. 


[C] Purification : Acetylene thus prepared is not pure. It contains small amounts of 
phosphine (РН), arsine (ASH), ammonia (NH3), hydrogen sulphide (Н5) etc., as impurities. 
Acetylene is a sweet smelling gas but due to the presence of these impurities, the gas has an 
unpleasant odour. 

(a) (i) The impure acetylene is first passed through acidified copper sulphate solution 
whereby hydrogen sulphide and NH; are removed from the gas. (ii) It is then passed through 
a suspension of bleaching powder when phosphine and arsine are oxidised and removed. 
(iii) Acetylene thus purified is dried by passing it through phosphorus pentoxide and collected 
over mercury. 

(b) The impure acetylene can be purified by another process. The impure acetylene gas is 
passed through ammoniacal cuprous chloride solution when only acetylene reacts with the 
ammoniacal CuCl; with the formation of insoluble red precipitate of copper acetylide. The red 
precipitate is collected, washed and then heated with dilute HCl or potassium cyanide solution, 
when acetylene, free from the impurities evolves. The evolved acetylene is then dried by 
passing through PO; and then collected over mercury. 

H.C = CH —O E, cuc = CCo  2NH.CI +290 
2NH.OH С lid 
оррег acelylide 
CuC = CCu + 2HCl ————> НС = CH + Cu,Cl, l 
Acetylene 


tft NU RA 


(2) From ethylene dibromide : 


Acetylenecan be obtained by heating ethylene di-bromide with alcoholic solution of caustic 
potash. 


HCH: ааг" HC = CH + 2KBr + 2H20 
Вг Br Acetylene 


Acetylene can also be obtained when ethylene dibromide is treated with sodamide (NaNH2) 
dissolved in liquid ammonia. 


њс—Сн, 2NoNH; , HC = CH + 2NaBr + 2NH; 
- TER Acetylene 


Еһуег= 
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(3) Acetylene is obtained by the action of alcoholic potash on ethylidene chloride. 


CH,—CH—cl, КН 5 cn, =cucr “+ gc s CH 
alcohol НС 


Ethylidene chloride Vinyl chloride 
(4) By the electrolysis of concentrated solution of sodium or potassium fumarate (Kolbe's 
reaction). 


CHCOOK __ CHCOO-— 
CHCOOK ^ €HCOO + 2K* 


Pot fumarate 
2H,0 == 20H: + 2H* 
At cathode : 2H* + 2e — НТ 


At anode :, CHCOO-— a CHEAR GH apt 
22e 
Cucoo. ^" wcoo сн ' ban iSi 
Acetylene 


(5) By heating trihalogen derivatives of methane i.e., chloroform, or bromoform or 
iodoform in presence of silver powder. 
| CH —* HC = СН + 6Agl 
h Acetylene 


kde 777—7 

(6) Synthetic process : Acetylene was 
synthesised by Berthelot from its elements 
carbon and hydrogen, by striking an electric 
arc (2500°C) between two carbon electrodes 
in an atmosphere of hydrogen gas in a hard 
glass tube. This method is of no practical use 


as the yield of acetylene is very poor. Fig. 6.5 
(7) By the action of tetra bromo ethane with zinc dust : 
Br ot 
н—ф—{—Н+27п _ dehol нс = CH + 2ZnBr, 
Br Br 


6.9. Properties of Acetylene. 

[A] Physical : Acetylene is a colourless gas with a sweet smell. The characteristic garlic 
smell generally associated with acetylene is die to the presence of phosphine with it. It is 
slightly soluble in water but soluble in acetone, alcohol etc. Though acetylene liquefies at 
—84°С under ordinary pressure but it is prohibited by the law as liquid acetylene is dangerously 
explosive. 

[В] Chemical : 

(1) Combustion : Acetylene burns in pure oxygen to produce high temperature (3000°C) 
with the formation of CO, and H20. 

2C;H; + 50; > 4CO, + 2H;O + 620 К cal 

A mixture of chlorine and acetylene burns with a flame with the formation of carbon and 
HCl. CH, + Cl; — 2C + 2HCI 

(2) Addition with hydrogen (Catalytic hydrogenation) : 

In presence of nickel catalyst at 160°C or palladium or platinum catalyst at ordinary 
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temperature, acetylene combines with 2 molecules of hydrogen, at first to produce ethylene and 
finally ethane. 


Ni cat 
HC =CH + Н, 2 e080” Н СН ica x eu 22 
Acetylene HH 
Ethylene cen 


This addition of H, can be stopped at the ethylene stage by using Lindlar's catalyst which ` 
is palladium poisoned with BaSO, containing quinoline. 


HC = CH ESSO нс = CH, 


Ethylene 
(3) Addition of halogens : Halogens are added to acetylene in two steps. In the first step 
the dihalides are formed and in the second step further addition of halogens yields tetra 


halides. 
ee 
HCach E, nc es CH алаа eH 
| SET 


дауна a a cl Cı 
1, 2-Dichloro ethene 1, 1, 2, 2-Tetrachloro ethane 
Acetylene tetra chloride or 1, 1, 2, 2 tetra chloro ethane is extensively used as a non 
inflammable solvent for varnishes, rubber, fats etc., under the commercial name 'westron'. 
Liquid bromine in absence of any solvent reacts with acetylene to give colourless acetylene ` 
dibromide and acetylene tetrabromide. 
г nr 


HC = СН H H клара H —H 
a: ms ian 
AR di bromide Acetylene tetra bromide 


(4) Addition of halogen acids : The order of reactivity of halogen acids is HI > HBr > НСІ. 

(a) The addition of HI takes place in dark but is catalysed by light, at ordinary temperature. 
At first one molecule of hydrogen iodide is added to acetylene to give vinyl iodide. Then a 
second molecule of HI is added to give ethylidene iodide. The addition of halogen acids takes 
place according to Markownikoff's rule. 


HCscH ——HP у нс сонра gc cg, 


Vinyl iodide Ethylidene iodide 


(b) Hydrogen bromide adds in the similar way with the production of vinyl bromide and — 
ethylidene bromide. 


HC=CH 


HBr goo cpgpr ÊLA, ESEH 


Vinyl bromide Ethylidene bromide 


(c) In presence of mercuric chloride catalyst, HCI adds to acetylene at 200°C with the 
formation of vinyl chloride and ethylidene chloride. 


HCl HBr 
HC=CH "HgCh 200°C” НС = CHCI 50, 200€ H;C—CHCI, 


Vinyl chloride Ethylidene chloride 
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(5) Addition of hydrogen cyanide : Acetylene reacts with hydrogen cyanide in presence of 
barium cyanide to produce vinyl cyanide. 


нсесн + HCN — 9% gc = сн 
CN 
Vinyl cyanide 


(6) Addition of hypochlorous acid : Hypochlorous acid adds on acetylene to form at first 
di chloro acetaldehyde which is further oxidised to give dichloro acetic acid. 


Прие oe 1 QH 
HC = CH + HOCI EN: ی د‎ ba, ра 


Cl ОН 
-H,0 
CHCI =O a - H—C—C—H 
nM Hod HEF 
OH cl O 
Dichloro acetic Dichloro 
acid acetaldehyde 


(T) Addition with сопс. Н50;: Two molecules of H5SO, are added with the formation of 
ethylidene hydrogen sulphate as the final product. 


SO;H H QSOH 
HC = CH + HOSO;H —>Н—С = C—H + HOSO;H —* н—@{ — C—H 
Н OSOH 
Ethylidene Н sulphate 


(8) Addition of acetic acid : When acetylene ispassed through warm acetic acid in presence 
Hg** (catalyst) vinyl acetate and ethylidene acetates are formed. 


pidhi CH; OCCH; 

H-C =C-H +CH,COOH — — H-C = CH — “е —+сњ-с-н 
OOCCH; 
Ethylidene acetate 


(9) Addition of water : When acetylene is passed through 20% H2504 solution in presence 
of mercuric sulphate at 70°-80°C, one molecule water is added up to acetylene to produce 
acetaldehyde. This mechanism of addition of water is probably via the formation of vinyl 
alcohol as an intermediate product. 


20% H2SOx 


es ود‎ == ше 
HC = СН + H.OH. HgCh, 80°C HC GH HıC—C H 
H-O [9) 
Acetylene Vinyl alcohol Acetaldehyde 


(10) Oxidation : Acetylene is oxidised by alkaline solution of potassium permanganate to 
form glyoxale which is further oxidised to give oxalic acid with the decolorisation of the pink 
colour of KMnO, solutions. 


146 ELEMENTS OF CHEMISTRY 


QH oH QH oH 
H—C= C—H + HO + OO, с CHOO 1 


о ө 9 о 
1 10] 1 
HO—C — C—OH «нс CH 


Oxalic acid Glyoxale 


(11) Ozonolysis : Ozone is added to acetylene to form ozonide which on decomposition with 
water yields glyoxale and Н,О,. The produced H20; oxidises glyoxale to form oxalic acid as 


the final product. 
[cm roa hy 
H-C = С-Н + О, —> H-C — С-Н O, H-C — С-Н + H,O, 
Acetylene 


Glyoxale 
Acetylene ozonide 
?9 ?9 
1 [0] i 
H-C—C-H HO; HO-C — C-OH 
Glyoxole Oxalic acid _ 


(12) Formation of metallic acetylides—acidic property of acetylene : The-C=C-H group 
in acetylene has slightly acidic in nature and as a result, the hydrogen atoms of acetylene can 
be replaced by some metals to form metallic derivatives called acetylides. 

(a) Formation of sodium acetylides : Acetylene reacts with sodium in liquid ammonia or 
sodamide to give mono sodium acetylide and disodium acetylide. 

liquid NH. 
HC = C-H + Na TC == Сма ANE Na-C = C-Na + NH, 
Mono sodium Di sodium acetylide 
acetylide 
Mono sodium acetylide reacts with primary alkyl halides to form higher alkynes. 
H-C = CNa + ICH; ——> HC = C-CH; 

Methyl Propyne 
iodide 

(b) Formation of сој 


pper and silver acetylides : Red precipitate of copper acetylide is 
produced by passing acetylene through an ammoniacal solution of cuprous chloride. 


H-C == С-Н + CuCl, E Си-С== С-Си + 2NH,Cl 
Copper acetylide 
Red ppt 


(c) White precipitate of silver ace 


tylide is obtained by passing acetylene through an 
ammoniacal solution of silver nitrate. 


2 
H-C — C-H « AgNO, — 5 , Ag-C == C-Ag + 2NH,NO, 
Silver acetylide 
white ppt 
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These acetylides are easily converted to acetylene when they are heated with dilute HCl or 
KCN. So this reaction is used to separate acetylene from other gases arid to identify it. 
-CuC = CCu + 2HCI — HC = CH + CuCl, 
CuC == CCu + 2KCN + 2H;0 2 HC = CH +2КОН + 2CuCN 


(13) Polymerisation : (а) Cyclic polymer : When acetylene is passed through a red hot 
copper tube at 600°C, three molecules of acetylene polymerise to produce benzene. 


H H 
EN { 
И Зен ш / `+ 
H-C CH Cutube HC CH 
A ү 
C C 
Y ї 
H H 
3 molecules of acetylene Benzene 


(b) Linear polymerisation : When acetylene is passed into cuprous chloride solution with 
ammonium chloride, two molecules ofacetylene combine together to form vinyl acetylene. This 
process is known as dimerisation of acetylene. 


сус 
HC = СН HC = CH ——-> CH; = CH—C = CH 


мна 
2 molecules of 
acelylene Vinyl acetylene 
(14) Acetylene adds one molecule of AsCl; to form Lewisite, a poisonous gas. 
СН = CH + AsCl, + CICH = СНАзС1; 
B-Chloro vinyl dichloro arsenic 
ө Uses of acetylene : Acetylene is used (i) for producing oxy acetylene flame (3000°C) 
which is used for welding and cutting iron and steel. 
(ii) as an illuminent ; 
(iii) for the manufacture of several useful solvents and chemicals e.g., westron, (CHCl;- 
CHCl), westrosol (CCl, = CHCI), acetaldehyde, acetone, benzene etc. ; 
(iv) in the preparation of acrylonitrile (CH; = CHCN) which is used for the production of 
Buna rubber and synthetic fibre (orlon) ; 
(v) in the production of chloroprene, buta diene used in synthetic rubber industry. 
ө Tests for acetylene : 
(1) When acetylene is passed through red bromine water, the red colour of bromine wateris decolorised due 
to the formation of colourless acetylene tetra bromide. 


db m ET 
HC 8 CH + Bro ——» - os ak -H 
Red Вг Вг 


Acetylene tetra 
bromide 
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(b)Itdecolorises the pink colour of alkaline potassium permanganate solution with the production of claude 
oxalic acid as the final product. 


TET нене жге ошо ирер.» O=c—C=0 
= н н нн Oxalic acid 
Glyoxale 
(2) When acetylene gas is passed through ammoniacal solution of silver nitrate, a white precipitate of silver 
acetylide is obtained. 


HC = CH + AgNO, —* 


Ag—C = C—Ag + 2NH,NO; 
Silver acetylide 
white ppt 


(3) With ammoniacal cuprous chloride solution, acetylene gives a red precipitate of cuprous acetylide. 


HC = CH + Cul, —=”—> Cu—C = C—Cu + NHAC 
Copper acetylide 
(red ppt) 

€ To separate the constituents of a mixture of methane (CH4), ethylene (C2H4), acetylene (СНз) and 
carbon dioxide. 

(i) The gas mixture is at first passed through concentrated KOH solution when СО; is absorbed with the 
formation of K;CO;. The remaining gases pass over without any reaction with KOH. The solution thus obtained 
is treated with dil. HCl when СО; is recovered. 

2KOH + CO; = К;СО; + H;O. K;CO; + 2НСЇ = 2KCl + CO, + H20. 


(ii) The residual gaseous mixture is then passed through ammoniacal cuprous chloride solution when acetylene 
is absorbed with the formation of red precipitate of copper acetylide. The remaining gases i.e., methane and 
ethylene pass over. The red ppt is collected, washed and then treated with dil HCl when acetylene is recovered. 


HCH X Gud; Ay eu c бс NHC 
Copper acetylide 
(red ppt) 


Cu—C = C—Cu + 2HC] ———> HC = CH + CuCl, 
Acetylene 


(iîi) The residual gaseous mixture is then bubbled through conc. H2SO, at 100°C when ethylene is absorbed 
by conc. H2SO, to form ethyl hydrogen sulphate. Methane remains uneffected and passes on which is collected 
in a gas jar. 


HC = Ch + HOSOH IS, coe 


OSOH _ 
Ethyl hydrogen 
sulphate 
SOH 
H,C—CH, ER, HC = CH, + Н50, 


Ethylene 


Ethylene is recovered from ethyl hydrogen sulphate by heating it at 180°C when ethylene is evolved which 
is collected in the gas jar. 
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СН, СН, СУН; 


Ammoniacal cuprous 
Conc. KOH soln. chloride soln. 


CO, absorbed to 
produce K,CO, 


Conc. H,SO, 
.. 100c 


Colourless, odourless gas, 

lighter than air. Di: 

in alcohol but slightly 
luble in water. 


Colourless gas having a 
sweet smell. It is nearly as 
heavy as air. Slightly 
SERLIA БИКА 
soluble in alcohol, CCl. 

Belongs to Alkene series. 


Unsaturated hydrocarbon 
having atleast one double 


Pure gas is colourless hav- 
ing a sweet smell. It is more 
luble in water than СН, 
and CH4. It is soluble in 
al and acetone. 
Belongs to Alkyne series, 
It is an unsaturated hydro- 
carbon having atleast one 
triplebond two car- 
bon atoms—very reactive, 
gives addition reactions. 


(1) Physical property. 


Belongs to Alkane series. 
Saturated hydrocarbon, 
chemically il is less active. 
It reacts mostly by substi- 
tution reactions. 


(2) Homologous series. 
(3) Chemical nature. 


Combustible. 
Burns in air or O2 with 
bright luminous flame with 


smoke to form CO; and 
HO, 


Combustible. 


Burns in air or өп 
with non luminous flame 


ri ms 


(4) Combustibility. 


Pink colour of the KMnO, 
soln is discharged due to 
the formation of ethylene 


Pink colour of the KMnO, 
soln is discharged due to 
the formation of glyoxale. 


роо Мо reaétion. 
п. 


ion 


glycol. 
The red colour is dis- 


ch idly due to th 
cra std 
ylene dibromide. 

No reaction takes place. 


The red colour of Br; is 
readily discharged due to 
the formation of colourless 
acetylene tetra bromide. 
Red precipitate of 

acide sored. ا‎ 
CHa + CuCl 75, СС, 


(6) With bromine in 
CCl. 


4. 


No change of the red 
u e 


r2- 


(7). With. ammoniacal | No reaction takes place. 


cuprous chloride soln. 


+ 2NHC 
(8) With ammoniacal Midi dri ie 
AgNO; soln. ото МО, Ns 
2+ 23Н,МОз 
(9) With ozone. Oxidised to form formal- | Оз is added to form ethyl- | Оз is added to form acety- 
Ў ene ozonide. lene ozonide. 

СН, + 20; 2 HCHO + | C2H4 + Оз 2 CHO: СН; + О; 2 СНО 

A ЊО + 20, . 
(10) Absorbent Has по absorbent. precited by fuming теа Д ammoniacal 


150 ELEMENTS OF CHEMISTRY 


ө Revision chart for the preparation & properties of Acetylene. 


PROPERTIES 
Air or Oz 
Combustion 
290 + O2 
OXIDATION Alk О, 
soln 
CL 
PREPARATION 
н; 
Ni cat 200°C 
' Calcium ~ 
carbide —— HO — 
с=с ADDITION rie 
а REACTION Cl 
Ethylene Br;/CCl, 
dibromide + KOH/alcohol 
CH CH, HI 
Br Br 
Conc H,SO, 
HCOONa 100°C 
CHCOONa H.O, 20% HSO, 
Sod fumarate HgSO 
aq soln. 2 
HOCI 
CHI, Me: 
Iodoform Cadi CHCOOH 
Tetra 
bromo ethane о, 
r Br 
Ln а 
т Br Ма 
liquid NH’ 
FORMATION А 
ОЕ gNOs 
ACETYLIDE NH,OH 
CuCl 
NH,OH 
POLY- Су tube 
МЕКІЅАТІОМ 500°С 


оо 
X ad [О] 


Н=С-С-н-С1 СООН 


СНСІ,-СНСІ, 
Acetylene tetra chloride 


CHBr;-CHBr; 
Acetylene tetra bromide 


CH;-CHL 
Ethylidene iodide 
CH;-CH(OSO;H) 
Ethylidene H sulphate 


CH,CHO 

Acetaldehyde 

CHCI, CHO 

2, 2-Dichloro acetaldehyde 


CH;-CH(OOCCH;); 
Ethylidene acetate 


"Te 
Y 


Acetylene 


ozonide 
HC = CNa 

Monosod. acetylide 
Ag-C = C-Ag 

Silver acetylide 

Cu-C = C-Cu 
Copper acetylide 


CoH, 
Benzene 
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e созуда чүш to different ‘organic’ aedi lo aoizr9vto) e 


M, Pd-CaCO; 


НОЯ 


ror me o 


1 HD [ti]. Na Amalgam 


jn d ac GY desta! 


m A 


i5 distillationz]:s:6 ns ic :|гзічог to 19924. (1) 


) NORIS NOI эп г 


xugoloror 


[ CH. CH;CH;] [áH] [CH;COCH; | : гэідтвхЯ 
Zn/ HCl Т 
Propane pete ban’ mide... Methane lo пойпзупоЭ (0) 
© vigi (ано | 
enodisM 
(ггөэхе) 


эподот% 


.anpqo1q bno snsqo»q ot enslvdi (d) 


HO«HXIH 


enoqod 


CH-II/45 


152 ELEMENTS OF CHEMISTRY. 
ө Conversion of methane to different compounds : 


KOH P/I 
Sh ——— СНОН 
CH-CH +g СНО "T d eue 22 0 этүү 


Eh 
li chloride Mahone chloride alcohol iodide 
Ма/ећег [О] | К;Сг;О,/ KCN 
CH;Cl | H;SO, | 
кон d 
CH,CH,OH <——— сњсњо tuo ca <—_ CH;-CH; HCHO CH;CN 
Ethyl alcohol 99 Ethyl chi i Еһапе Formaldehyde . Methyl cyanide 
100°C | conc i [0] | K2Cr207/ H+/ 
HSO, Cl | u.v.light HSO, HO 
e 
CH,CH,0SO:H снаа CH.CH.CI HCÓOH CH;COOH 
Ethyl Н. sulphate Butane Na/ | CHCl Formic acid Acelic acid 
140°C | CHOH Eher 
A | 180°C di 
CHCH.CH, S C CHCICH T, > CH,CH=CH; 
C;H.OC4Hs CH, = CH; Propane aehos Propene 
Diethyl ether m 
Br; O; i 
ШӨ... —1Hl , CHOH 
CH;Br-CH,Br 0—0 HCHO : 
Ethylene di bromide HC ha Zn dust Formaldehyde LAH, Methanol 
ES Ozonide 
HC=CH ato CH,CHO Ol, сн;соон _NoOH , CH,COONa ——> СН, 
Acetylene HE" acetaldehyde Асейс acid Methane 


@ Conversions : 


(1) Ascent of series : It is the conversion of an organic compound into its next higher 


homologue. 
Examples : 
lal. Conversion of methane to ethane, propane and butane. 
+ dry ether 
(ail vet сө = ga ш ocu [ы 
V Ethane Е Butane 
cnim chloride. (excess) chloride 
сна | t 
GHs-CHs 
Propane 


(b) Ethylene to propene and propane. 
LM. X снуснусњачн, E> CzHsCHiOH 


н.с=сн; > CH3-CH2Br mis СНСЊСМ ты Tae 
Ethylene Ethyl bromide Ethyl cyanide Propyl amine Propanel 
05 
170°C 
CH4CH;CHs ac CH;CH=CH2 
Propane Propene 
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(9 Acetylene to methyl acetylene (Propyne) and 2-Butyne : eco 
(HC CH + No — Rio — HC m с-не Ae Hw CCH 
Acetylene Mono sod, 
acetylide. 
(i) HC = CH + 2Na —®# „ Noe C= Na —À 99. Ot Ga Ge Oy shes 
"^ Di-sod. acetylide 2-Bulyne 


(d) Ethene to 2-Butene : 


HC = CH, + HBr——— 99 CH,CH.8r — i He 
other я 


(2) Descent to series : It is the conversion of an organic compound into its next lower 
homologue. 

Examples : 

(o) Ethane т methane : 


Cae нс = сн, — oe Ou Ou, — > HOH S 
100% - 
Acetylene Ethyl H sulphate A 
он, a oon CHICHO 

Methane Acetic odd Aceloldehyde 

(3) Conversion of alkanes to alkenes and alkynes A 

(a) Ethane to ethylene : 

CHs-CH; ہک‎ онн» canon Te cee 
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(b) Propane to propylene : 
Chi -KOH 
CH3-CHz-CH; = сњснасњ Бро със = сњ 
Ргорапе 2-Chloro propane Propene or ае 
(с) Ethylene кез HO «—— 


deco —=— Ging اگ‎ HH 


Ethylene Be { jaa 
E Ana 
(9 Etoiles tati 
єн Seat dici SE cen) © снна TRU оган 
чуан.) ма /ывег e vv light Ethyl ااا‎ Biye 
chloride... ineo ns ti = di chloridesi1s 
santol 
HC = CH gy Снн 
РЧА | Acetylene | ^ Ethylene di-bromide 
(4) Methane lo: étháriol/acetaldehyde and acetic acid : i 
After preparing ethyl chloride as shown in 3(d) from methatie— 
CH,CH,Cl — 3 —  cHIcHOH ك‎ + онусно——Ё1—> сн,соон 
Eh O ыш * “#©бунёо Acetoldehyde; Acelic acid 
chloride "ooo з 
' (5) ее mon - formaldehyde and formic acid : 
} 
HE = CH HO CLE CHCHO A онсоон Ot CH.COONo Pt Ch 
^ — Acetaldehyde Acelic acid Maikhane 
5 : esmolla bas Äis o lo 
(7) Acetylene to di-methyl acetylene ; 
HC = CH —— 25. NiC E CNa — "29 HPC = C-CHs о 
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(8) Acetone and propane from acetylene : 
H-C=C-H + ЊО — e^ CH,CHO e CH,COOH eS с CH;COO , Ca 
b CH,COO 
Acetylene HDHD. HAcetaldehyde Acelic acid: H + ,H Co acetate!) 
ЧИ on Dry 


distillation 
А 3 “a L k 
CHCH CH uir > CH\COEHS / 
Propane “Acetone ^. 
(hasten tm дейи an t мйо8-Г nsewted deivgniteid (< 
HC = CH > NaC = сма г» Pn deol THO i 
Acetylene Did sod. omy O-—2-Butyne 


H OH. 
CH,CH,-C-CH, авс С, 
Methyl айу katone 
(10) Propylene fo propyné :' 0 ^ HO-H2-O-HO-.HD < HO 
UU Br Br 

Сн, Сн = СН, > HCH OH ен т CH Cut ыш 

Propylene orm I ети н 
`п 28e from 1 -Butene : 

КЭ = 2cHge HO < CT HO s 3HO;H* 
° CH,CH,CH = CH; > бнбнсн-сн, S> CH,-CH#CH-CH, 
l-Butene |), НИС + J и2222Вгото butane =~ HO = 7), j/2:B8tene 

(12) Acetone from acetylene : iqq bes [Roorkee Engg. '86] 


HC = CH + HO SÊ, CHCHO “орке, HCOOH 


Acetylene ; Acilaldehyde 2. ion atid" 


E cnc, ent v pid so = CHCOO yc, 


(1) Distinguish betweenBuitine and aes x 

Butene-1 is an alkene arid hos got дЫ bond between No carbon alas йе, "rien qe 
hydrocarbon. Consequently when it is passed through bromine Water, ‘the’ red: ‘colour of bromine water’ i 
discharged due to the formation of colourless 1, 2-dibromo butane. 


Br Br 


CH;-CH,-CH = СН,+ В ==> CH;-CH,-CH-CH, 
B 1 : 111} 2-Di bromo butane 
^ sbserlebloleaA ‘\fedlourless) 
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Again when butene-1 is passed through Baeyer's reagent (alkaline KMnO; soln), the pink colour of the 
solution is discharged due to the formation of colourless butane-1, 2, di ol. 


us "m 
CH;-CH;-CH-CH, 


Butane -1, 2 di- ol. colourless 


Оп the otherhand, butane being an alkane, i.e., saturated hydrocarbon, it does not react with bromine water 
or alkaline KMnO; solution. Consequently it does not decolorise the red colour of bromine water or pink colour 
of Baeyer's reagent. 

(2) Distinguish between 1-Butene and 2-Butene. 

Butene-1 on ozonolysis gives one molecule of propanal and one molecule of methanal, while butene-2 on 
ozonolysis gives 2 molecules of acetaldehyde. 


KMnO, 
alkaline 


CH,-CH,-CH = CH; + H,O +0 


o——o 
CH,-CH,-CH = CH,-2> CH,-CH,-CH-O-CH, HO, CH,CH,CHO + HCHO + H,0, 
1-Butene Propanal Methanal 
0——0 
CH;-CH = CH = CH, + сн, бн_о-бн-сн, S> 2CH;CHO + H;O, 
Butene-2 Acetaldehyde 
(3) Distinguish between Butyne-1 and Butyne-2. Г.Т. '85] 
Due to the presence of one acetylenic hydrogen atom in butyne-1 (CH;-CH,-C = CH), it will react with 


ammoniacal silver nitrate solution to produce a white precipitate of silver acetylide. It will also react with 
ammoniacal cuprous chloride solution to form red precipitate of copper acetylide. 


CH,CH,C = CH — S» CH,CH,C = CAg J + NHNO; 


Виепе-1 while ppt 


CH,CH,C = CH — RE —> CH;CH;C = CCu J + 2NH.CI 


red ppt 
On the other hand, butyne-2 having no acetylenic H-atom, does not respond to these tests. 


CH,-C = CCH; 22 No reaction 


(4) Distinguish between butyne-1 and butene-1. 

Since butyne-1 (CH;CH;-C = СН) has an acetylenic H atom, it will give a white precititate with ammoniacal 
AgNO; solution, But butene-1 being an olefine does not respond to this test. 

ө Some problems on the structural formulae of aliphatic hydrocarbons : 

1. On ozonolysis, an alkene gives one molecule of acetaldehyde and one molecule of acetone. Deduce the 
structural formula of the alkene and give its name according to | UP A C ‘system.- 

Ans. On ozonolysis the alkene gives one molecule of acetaldehyde and one molecule of acetone. So ће alkene 


is supposed to be formed by the union of the two carbonyl compounds after the elimination of two carbonyl oxygen 
atoms. 
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Now on removing the lwo oxygen atoms from the two carbonyl compounds and by joini ini 
of the two, we get the original alkene. So the formula of the alkene is or goa angen iv 
1 2 3 4 
CH = ¢-CHs 
CH; H 
Its IUPAC name is 2-methyl-2-butene. 
2. What products are obtained on ozonolysis of 2-methyl-2-pentene ? 
Ans. The structural formula of 2-methyl-2-pentene is 
Veni 3 4 5 
HCC = CH-CH;-CH; 
CH; 


On ozonolysis we gel, 


MU е 
нисмо е 5s AN О+О= ук ыо, 
CH; 3 
Acetone Propionaldehyde 

i.e., 1 mole of acetone and 1 mole of propanol. 

(3) An alkene (A) containing 4 carbon atoms, on ozonolysis yields formaldehyde and propionaldehyde. 
One mole of the alkene (A) adds one mole of HBr to form an addition product of formula C,H,Br. This product 
when reacted with alcoholic KOH yields another alkene (В) which is an isomer of (A). Identify (A) and (В). 
Ans. (i) On ozonolysis the products are propionaldehyde and formaldehyde. So the alkene (A) must be 1- 


Butene. 


dec ———— CHCHC=¢-H 

H HH 

Propionaldehyde Formaldehyde ]-Bulene 

(ii) 1-Butene reacts with HBr according to Markownikoff's rule to form 

CH;CH;CHBr-CH, i.e., 2-Bromobutane. The formula of 2-Bromobutane is C,H,Br. 

(iii) 2-Bromobutane on being treated with alcoholic KOH yields 2-Butene which is an isomer of [A] i.e., 
1-Bromo butene. So (B) is 2-Butene. 

Br 


CH,CH.CH-CH, S> CH, CH = CH CH, + KBr + HO 
2-Butene 
4. One mole of a hydrocarbon (A) reacts with one mole of bromine giving dibromo compound C;H)oBr2. 
Substance (A) on pain pip Т alkaline KMnO, solution forms a compound C;H)02. Оп ozonolysis 
(A) gives equimolecular quantities of propanone and ethanal. Deduce the structure of (A). [LLT. 781] 
Ans. As the hydrocarbon (A) adds one molecule of Br; to form С.Н г, it must be an alkene ie, double bond 
compound, The position of double bond can be obtained by joining the two products of ozonolysis ond by the 
elimination of 2 carbonyl oxygen atoms of the lwo carbonyl compounds. Thus we get the original alkene i.e., (A) 


15 


CH-C-[OXO j= CCH, —7 сн,-С= C-CH; 
ире: CH; H 
CH; H 3 


Propanone Ethanal 2-Methyl-2-butene (А) 
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ЦА) adds:bromine:to form an addition ا و‎ өйы is a yee " 


pt Br 
CH;—¢ = C—CH, + Br, > CHE — CCH, Г 
СН, Н СН, Н 


саа 2, 3-Dicbrome-2-methy| bulone i» 


(A) On oxidation by an alkaline KMnO; soln, yields a compound of ће formula CHO. 


OH -OHHO 
CH—Ç =—Сн, жо, CH; C—CH, 
CH, H CH, H 
2-Methyl butane-2, 3-diol 


(5) А hydrocarbon (A) on hydrolysis іп presetice of 20% H,50,1 and Нд? yields а carpoónd (B). (B) on 
reduction with Zn/HCI gives (C) the formula of which.is С.Н,. The hydrocarbon (A) reacts with sodium to give 
a monosodium derivative. ths mono sodium derivative on n being reacted with methyl iodide gives (D). Identify 
(A), (B), (C) and (DJ. abyrsblonc 

Ans. The compound (B) on Ме urat by zy/ed gives C;H, i-e; 'etharie; So (Bis acetaldehyde. This 
ocafeldeltide preter ифа олтен ih Ha Sahe  conoyed {A} is-acetylene: 

b را‎ 18,H,2 columnist to tuborg noitib Ho slom eno о lA) e n arit lo alor 
48) brio BCE ig нгы y Т natin лөћоп 
гит АСКЕТА" 2 той Ьл рро 


CH,CHO —у=унег э: d LU Н.о H ( 


Now acetylene (A) reacts i No! to give mono sodium acetylide, 


HC= CH HCH CNG EH: HOM а! 
anb. ‘Menem aciyê 
a.i [A] lo ләпюг! по ei dirk 


Mono sodium acelylide reacts with methyl iodide to give роба. 
Н-С =C-Na + СН ————~ Н-С = С-СН, + Nal 


О.Н + Methyl iodides = 1:158 Propyne (D) 

Bur йи, (В) = ted 91 Ethane, (D) = Propyne. 
drogen I role of hydrogen in presence of platinum 
n defend 1gives а 1 carboxylic acid which contains three. 


"Roorkee Eng '89] 
mele of hydrogen to form mhexane, if must be n-hexene. The 
posi і h т established by its oxidation product which is à carboxylic acid 
having 3 atom: sed OU ict fg C a RR ded : 
of hexene, only when the double bond is situated between C, and C, carbon atoms in the carbon chain. Hence 
the alkene must be 3-Hexene. 


(9) 
2CH.CH.COOH S CH,CHICH = CHCH,CH, = CH,CH,CH,CH;CH,CH, 


Propanoic acid (А) enetuc-S-3+Hexene onodt3 (n-Hexane)ioge 1 
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(7) A hydrocarbon (A) of formula C;H,, adds Н, in presenceofa calalysHo form 2-methyl butane. (A) reacts 
with HBr according to. Markownikoff's rule: om When raed wih sr bh т 
alcohol (С). (С) on oxidation yields a ketone (0). Identify (A), (В), (C) and p. f 

Ans. The reactions involved are "uit below : 


ens 
H.C-CHCH.CH, ee i E Bromide he Hen NN draw 
2-Methyl butane а j б} 


The formula CsHio Heer үч [Alis isan Hie. gE ofthe alcohol (С), ketone Dii is produced. 
Hence the alcohol (C) myst be a secondo аен, EES is obtoined [ру the reaction (B) with AgOH. 
So the compound (B) must be a secondary bromi 

On hydrogenation of (A), 2- Methyl Butane i is obtained. From the structure of 2+ -Methyl butane 

Hs 
medion it is clearly understood that the structure of the secondary bromo compound (B) is 


HC H-CHs whichi is formed by he cddiion اتات‎ сои ю he Markownikos rule. Hence the 


structure of (A) must bedi p tis зма наа, Thai нны. 

o EN A esito obea 

(1) сн, H—CH = CH, o - CH O8 CHO үрт 
(А) Ы 2-Methyl butane.. . 
CH; ы ч г 

(2) Сн,—СН—СН = CH; D CH,—CH—CH—CH; ] 
(А) 2-Bromo-3-melhyl butane (В) - ^ ^ 
CH; Br SEEN e 

(3) CH;—CH—CH—CH; MER, CH41—CH—CH—CH; 
(B) inire mon qe x 
сњ OH $ re © = à 

(4) CH,—C — СН—СНз те ae он ch 


[s] 3-Melhylbuton-2-one. 


бо, Questions. 1 

1. What is meant by [ске т їп » organic : compounds ? ? How vill yos detect the presence е of unsaturation 
іп an organic compound ? EM куо dhiw blo à 

2. Whatare alkenes or olefines 2 Nome he fit three members ofthe alkene s seris. Brielly mention the general 
methods of preparation of alkenes. 2 

3. How will you prepare pure ethylene їп the la 2 What happen: ens When ethylene 15 treated! with 
(a) Br/CCl,, (b) alkaline KMnO, soln, (c) Ozone then H/O/Zn (d) HBr, (ef Cone: но) à 

4. Give one method for the preparation of propene. море propane twoncwit lo! Bri/ Cli, 
(b) HBr, (c) НОСІ, (d) СІ, at 500°C, (e) HBr in presence o! perox! 

5. Write short notes dd Merkownikoff’s rule, (b) Peroxide effect; (c) Ozonolysis, (d) Addition reaction. 

6. What ore alkynes? Describe the laboratory method of preparation of acne ine ete 

7. How will you distinguish between the following 

(a) Butene-1 and Butene-2, (b) Butyne-1 and Butene-1, (c) Ethylene and Acetylene, (d) e cal 

(е) Methane ahd Acetylene, (f). ‘Butyne-| and! Butyne-2, (д) 1 неба f Hexane, (h) 
mButane, (i) Propene and Propane. t 
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8. How does acetylene react with the following- 
(a) H;/Pd/BaSO, (b) H:O in presence H;SO, (c) Ozone and then with HO in presence of Zn dust (d) Na/ 
liquid NH; (e) CuCl//NHJOH 
9. How does propyne react with- 
. (a) H/Pd (b) HBr (c) HBr in presence of peroxide (d) HO in presence of H,SO, ond Hg** (e) AgNO;s/NH,OH 
10. What happens when- 
(i) ^ Propene is bubbled through alkaline soln. of KMnO; . (LT. 82] 
(ii) Acetylene is passed through ammoniacal Cu;Cl; and the product is treated with dil.HCl. 
(ii) Ethylene is treated with alkaline KMnO, soln. 
(iv) Acetylene is hydrogenated in presence of Pd and BaSO, and the product is treated with bromine 
dissolved in CCl. 
(v)  2-Butanol is heated with 60% H,SO, at 160°C and the product is heated at 500°C with AICI,. 
OH CHa 


| 
[cnet EEE E ex] 


(vi) Acetylene is treated with sodium in liquid ammonia and the product is treated with methyl chloride. 
(vii) Calciumoxide is heated with coke in an electric furnace at 2000°C and the productis treated with water. 
(viii) Propyne is reacted with dil Н;$О, in presence of Hg** and the product is treated with Zn/HCI. 
(ix) А product obtained by the hydration of ethyne is treated with dilute alkali. ІМТ. ^81] 
(x) | Zn/Cu couple is added to an alcoholic solution of ethyl iodide. 
(xi) Mention the products of the following reaction : 

Hd 


CH=CH = CH; ——> 
HCI/H;O; 


(xii) Ethylene is passed through hypochlorous acid. 

(xiii) Ethylene dibromide is heated with alcoholic solution of KOH. 

(xiv) Ethanol vapour is passed over alumina at 400*C. [Jt. Ent. '83] 
(xv) An aqueous solution of sodium succinate is electrolysed. 

(xvi) Propene is reacted with HBr in presence of HO. 

(xvii) Calcium carbide is treated with water and the gas thus obtained is passed through ammonical silver nitrate. 
(xviii) Acetylene is passed through red hot Cu tube. 


(xix) Ethylene dibromide is treated with alcoholic KOH and the product is treated with 20% H,SO, in the 
presence of HgSO,. 


(xx) Ргорупе is treated with sodium in liquid ammonia and the product is treated with methyl iodide. 
(xxi) Propene is subjected to ozonolysis. 
(xxii) Chloroform is heated with silver dust. 
(xxiii) Tetra iodo ethane is heated with Zn dust. 
11. How will you synthesize : 
(i) Ethylene from ethyl alcohol and vice versa. 
(ii) n-propyl bromide from propene. 
(iii) Ethylene from ethane. 
(iv) Propane from isopropyl alcohol. 


[cH-cHonicr 2.80%, сн сн. сњ, ls exse] 
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(V) Ethylene from ethyl bromide, 

(vi) Ethylene from methane. 

(vii) Acetylene from ethylene. 

(viii) Butene-2 from butene-1. 

(х) Ethyne from ethanol. 

(x) Ethyne to cuprous acetylide and vice-versa. 
(xi) Ethane to ethylene and vice-versa. 

(xii) Acetylene into ethane and vice-versa. 

12. A vessel contains a mixture of methane, acetylene ' proceed 
and recover the constituents of по 1 fiere асо, муо nv 

13. You аге supplied with 4 gas jars filled ith methane, ethylene, acetylene and propylene 
experiments olla perform to identify pss ý , ш же 

14. How will you convert acetylene into (a) propyne, (b) benzene, (с) methane, (d) formaldehyde, (e) methyl 
amine, (f) propane, (g) acetone, (h) ethanol, (i) acetic acid, (i) ethylene, (k) diethyl ether ? 

15. Give the mechanism of addition of HBr to ethylene. 

16. (a) Write the structure of the alkene which on ozonolysis gives one molecule of acetone and one molecule 
of ato (Ы) A compound on hydrolysis gives methanal and НО. Write the structure of the 
compound. 

17. Discuss the molecular orbital structure of 1, 3-butadiene. 

рей you synthesize (a) acetone from acetylene, (b) vinyl acetate from acetylene, (с) chloroprene from 
acetylene. 

19. Explain why- j 

(i) Propene reacts wilh HBr to give isopropyl bromide instead of mpropyl bromide. ILL.T.“83) 
(ii) Unsaturated hydrocarbons bum with more sooty flame than saturated hydrocarbons. 
(iii) Although acetylene is acidic in nature, it does not react with NaOH. 
(iv) Although ethene has double bond when it is heated with Cl; to high temperature (700°C) it forms vinyl 
chloride instead of ethylene dichloride. 
[Hints : At high temperature Cl, decomposes to give chlorine free radicals { Cl) which causes substitution 
reaction. At room temperature Cl, dissociates to give ions which gives addition products.) 
(у) The C = C bond distance is less than C = C and C-C bond distances. 
(vi) Although the C-H bond in acetylene has greatest bond energy of all С-Н bonds, yet itis most acidic. 
[Hints : Acidity is due to a heterolytic cleavage С-Н э = C + HY whereas bond energy is о measure of 
homolytic cleavage = С-Н — s С" + Н* ] 
(vii) Acetylene prepared in the laboratory has a garlic odour though pure acetylene has a sweet smell 
(viii) 2-butyne does not form ocetylide. 
(ix) Ethane can be dried by conc. Н;5О, but ethene can not be dried by conc. Н;5О,. 
(x) Ethylene is more reactive than ethane. 
20. Which atoms of the following molecules lie in a straight line ? 
(i) CHaCH = CHCH; (ii) СНС = ССН, 
(ii) СН = CH=CH 
21. How many sigma опа pie bonds are presen! їп the following compounds # 
(а) СН, = СН-СН (b) CHs-CH = CH-CH (е) СН, = CH-CH = СН, (d) CHC = CH 
22. Various steps of conversion are given here—write the necessary reagents and conditions of reaction— 
(i) СНОН + H504 > сн О-Сн, + НО + Н:50, 
(i) CH сн ә CHOH > сн, 
(iii) Сон, э CHiBr 9 CH -> CHsCHO 
(iv) CHs-CH = CH; э СН-СН:СН Вг э CH,CH;CH;OH 
(м HC = CH — НС = CNa > H-C = C-CH; 
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23. What products are obtained by the ozonolysis of the following compeunds— 
(i) HC = CHCH; (ii) Н.С  CHCHz-CH = CHCH; (їйї) СН:СНСН = CH; 
24. Give the names and formula of the main products (A, B, C, D etc.) of the following reactions : 


0 Cm CH ha aia fA ddl il] at PEE] 

(i) HC&CH NS, [A] EE ET TRIS ii NNI 
(ii) НСасн — SE (Al p ipsun ud iå 

w E e? [aqe 22208 anole qupsdiac н цир o jap 

МУ зен, CH e CH ete [A Bl EE {Cl 

(yil iC. e. CH. M aie А] HL» ee. 

мй сн-снсн='ёң; elb Hie опо ipa] і T profi (d 


(viii). CH4CH = Chh: Fb. d [А] —— [8] 


(x) CH MA. ыза! ee isi 
(x) сн + (| O aa pof Bresson ср aha ib] 


25. Write uw ds SC fries of all the isomers of di-chloro ethylene. Which of them has also. Pin 
moment. 


Ап; 1] 


Ga M Chi" он Che d The "dipole moment. of 
020 іол orit Transl; 2«dichloro ethene 
С € (е is, zero. 
Уң, We el N: | 
Cis 1, 2-di-chloro Trons d; 2 1, 1-dichloro 
‘ethene | dich loro ethene ethene 


26. Male the СЫН obtained. zs the action.of hot. KMnO, with the following compounds : 
lo) m Qs (b) сасы = оа (©) (CH3;C = С(СН;)» (d) CHs-CH = CH; 


"^ Anê?) AICS ene FR ЭЙИ, LI. 


Е Ы. CH.CH- cae cones ET Cactus 


5. Hs od fon nz а CHs 
4-Methyl-2, 3-pentane diol 


(c) (СНС = ССН). + HO +O шы, Pbi СН.) 
2, 3-dimethyle-2, 3-butane-diol 


(d),_.CHs-CH = CH, + HOO ERA E QE MEM 


a Propane-I, 2-diol 
€ Objective type of questions : 
[A] Select the correct answer (s) : 
1. Baeyer's reagent is— 
(a) alkaline KMnO; soln. (b) acidified KMnO; soln. (c) neutral KMnO, soln. (d) aqueous soln. of Br. 


` LAns. (a)] А.Т. 84] 


. Ozonolysis of 2-methyl Fa gives— "e: 


el only aldehyde) ony ketone ela nd eons none. sin. ron. (ll 
„ :Kolbe's:electrolysis method can be applied on— 
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Markownikoff’s rule gives the guidence of addition of HBr.on—... 2i b ! 
(a) НС = CH» (b) CHsCH CH; (c) СН:СН=:СНСН, нїш» ar, [Ans. (b) (d)] 


13. Which of the following will have zero/dipole moment =. 


lali ا‎ cielo Zaidi or dle jane i onec e. 
bs Мен Фал. ‘871 


(e) CH:CH:COOK Ib} CH:COOK (cl GHCOOK (d) CH-COOK „ 


CH,COOK + CHCOOK CH:COOK tans, (a) (b) {c)] 
Ammoniacal AgNO; reacts with— LA CUT A 
(a) СНз—СН» (b) CH; = CH; (c) СН;—СН = = CH {d) CH=CH d [Ans. (d)] 
Ammoniacal CuCl reacts with— ; i à í à - ё 
(a) Ethyne (b) Ethylene (с) Butyne-1 (d) Butyne 2. o ie | A ү MOE (Ans. (a) | (=) 


Dipole із exhibited by— 
(a) 1, 4-díchloro benzene, 1b) in t eps — — 1; 2didhlors ethene; 

dichloro-2-pentene: f озу eere үз d T ery 
When propyne is treated with 20x "on in presence d нозо, ће major nem is— 


(o) propanal, (b) propyl hydrogen selphate; (c) acetone, 4d) propanol „Ап (с) 

n-propyl bromide оп treatment with ethaniolie Кайрат! 

(a), propane; (Ь).ргорепе, (с} propyne; d) pape jlo evodo e Ls ibl п. 11. 81] 
г> Acidic hydrogen is;present in = vllo edt vitnebl 

(a) Ethyne;-(b) Ethene, (c) Benzene, (d) Ethane: betoigesnco mow о riti D о! AT '87] 

The compound having both sp and sp? hvbridised carbon aloriis ar^ 

(a) propene, (b) propyne, (с} propadiene. [Ans. (c)) LET. 87] 


The number of sigma and pie bonds in 1-butene-3-yne are— HO 
(a) 5.sigma & 5:ріе, (b);7 sigma and З pie, (с) 8 sigma and 2 pie; (d) 6 sigma & 4 pie. (д 

D [Ans. (b)] (1.7. 89] 
Propene on being heated with С, at 500°C yields— 
анаан = CH; (b] сенс! CHCl (c) CHCI HCI CHIC d) al rie above.” ' [Ans.(a]] 
Which one of the following decolorises alkaline KMnO, ? 


(a) CHa (b) CoH (c) Gha (d) ЄС, HbAnss (ЫШТ. ^80] 
The molecule in which the distance between the two die Coes M is, dime 
(a) ethane, (by ethene, (с) ethyne, (d) benzene. ia [Ans. (a)] [1.1.T. '81] 


Butadiene contains— 


i s {оңу зр nb sp hybridised carbon Sener b ov sp? ridi tbe pen (c) both! [rA xti 


20; 


21, 


22. 


. Апі Markownikoff’s addition of HBr is not в, i 


f со, atoms, (9) sp, sp? and hybridised ca [Ans. (b)] [1 


la) Pi b) Butene, (c) 2-Butene; (4).2-Репйеле:5;›э no [Ans 4c) HELT. 85) 
How ey ps af carbon leine are priant 2 ny panne, i(b)2; гта hna 


How many ЦЕДРУ Me Die IE HD = HÓ—HO = H2.H2 
(a), 1512 (c).3, (d) 4. 
(sp-sp) , (5р5) 


1 


Hints : HC حع‎ 


"oso 


Which of the following pair has the same bond angle ? i 
(a) Ethane and ethene, (b) Ethene and Ethyne, (с) Ethyne and benzene, (d) Ethene and i 


ам. [T 
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23. Which of the C—C bond is the strongest— 
(a) formed by sp?-sp? hybridised C atoms as in alkanes, (b) formed by sp?-sp? hybridised C atoms as in 


alkenes, (c) formed by sp-sp hybridised C atoms as in alkynes. [Ans. (c)] 
24. The two carbon ‘atoms containing (C= C) single bond in HC = C—CH = CH are (a) р?-зр? hybridised, 
(b) sp?-sp? hybridised, (c) sp-sp? hybridised, (d) sp°-sp hybridised. [Ans. (c)] [L.LT. “91] 


[B] Fill up the blanks : 
1. “Acetylene is treated with excess of Na in liquid NH; the product is reacted with excess CHs|, the final 
product .............- [Ans. 2-Butyne] [Һ.Т. '83] 
2. The starting material for the manufacture of poly vinyl chloride is obtained by reacting HCI with...... 
[Ans. СОНЫ (ШТ. ’83] 


3. Propyne on ozonolysis forms. a [Ans. 2-Oxo propanol] 
4. The terminal carbon in butane-2 is.........hybridised. [Ans. sp?] [LI.T. ^85] 
5. 2-butanol on dehydration gives...... [Ans. Butene-2] 
6. A linear structure is found diving sp hybridisation as in......... [Ans. Acetylene] 


7. Aqueous solution of potassium succinate on electrolysis yields.....at the anode.[Ans. C;H,] [1.1.7. 95] 
8. The alkyne which on hydrolysis in presence of 20% HSO, and HgSO, yields acetone is......... 
[Ans. Propene] 
27. There are six different alkenes (А), (B), (C), (0), (E)'and (Е). Each on addition of one mole of hydrogen 
gives (G) which is the lowest molecular weight hydrocarbon containing only one asymmetric carbon 
atom. None of the above alkenes give acetone as a product of ozonolysis. Give the structures of (A), (B), 
(C), (D), (E) and (F). Identify the alkene which is likely to give a ketone containing more than five carbon 
dloms ой treatment with a warm concentrated solution of alkaline KMnO,. Show various configuration 
of G in Fischer projection formula. 


Ans. 
Ha 
(А) > СН; = сн-7—Сњенсњ, (B) > СН; —СН = C—CH.CH;CHs, 
CH; CH; 
(c) CHICHz- p CHICHCHS, (D) > Снн: = CH—CH;CH;, 
CH; CH; 
(E) CH;CH;—¢—CH = CH—CH;, (F) CHsCH,—FH—CH2—CH = CH, 
CH; CH; 
Hs i 
(С) Either H—C—CH.CH;CH; or, CHCH.CH.—-—CH:CHs 
CH; CH; 


28. An organic compound (А) CsHo, on reduction first gives (В) СУН; and finally (C) С.Н. (A) on ozonolysis 
forms two aldehydes (D) CHO: and (E) C;H;O». Oxidation of (B) with acidified KMnO, gives the acid 

(Е) CHO. Determine the structure of the compounds A to Р. [Roorkee Engg.’93] 
[Ans. A > СН;СН = CH—CH = CH—CH;, B 2 СН;СН:СН:СН = CH—CH;, С > CH3CH;CH;CH;CH;CHs, 
D > CH,CHO, E> Ta 
CHO 
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7.1. Introduction : 

Compounds derived from aliphatic hydrocarbons by the replacement of one or more 
hydrogen atom(s) by the halogen atoms (СІ, Br, I and Е) are known as halogen derivatives 
of aliphatic hydrocarbons. 

The halogen dervatives of alkanes are known as alkyl halides or halo alkanes, and those of 
alkenes and alkynes are known as alkenyl halides (halo alkenes) and alkynyl halides (halo 
alkynes) respectively. 

The alkyl halides are classified as mono, di, tri- and tetra halogen derivatives according to 
the number of halogen atoms present in the molecule. 


CHC! (Methyl chloride). CHCl; (Methelene di chloride) 
Mono halogen derivative Di halogen derivative 

CHCI; (Chloroform) CCl, (Carbon tetra chloride) 

Tri halogen derivative Tetra halogen derivative 


The mono halogen derivatives of alkanes are represented by the general formula 
C,Hon + Х, (where X = СІ, Br, I, F), or R-X where R =alkyl group. The halogen atom bonded 
to carbon, is the functional group of alkyl halides. 

| 
Functional group of alkyl halides 


1 


| 
P 


T 
The alkyl halides are classified as Primary (1°), Secondary (2?) and tertiary (. 3°) according 
as the halogen atom is attached to a primary, secondary and tertiary carbon atom. 


i Secondai Tertiary C 
uio t m C atom af наи 
R—(—X R-¢-X RU x 
H R2 
1? alkyl halide 2° alkyl halide 3° alkyl halide 


7.2. General methods of preparation of alkyl halides.. 

(1) From alcohols : Alky! halides are obtained by replacing the ОН group of alcohol by 
halogen atom. 

(a) By the action of halogen acids (H-X) on alcohols : 

Alcohols react with HBr and HI with the formation of alkyl bromides and alkyl iodides 
respectively. 

Alkyl chlorides are however produced by the action of dry НСІ on alcohols in presence of 
zinc chloride catalyst. 


RÍOH-HIXR-X + HO 


Alcohol Allyl halide 
CH,CH,OH + HBr => CH,CH,Br + НО 


Ethyl alcohol Ethy! bromide 
CH,CH,CH,OH + на S> CH,CH,CH,CI + но. 
1-Propanol a Propyl chloride 
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\ It'should be noted here that HI and HBr does not require any acidic catalyst to carry out the reaction since 
lis the strongéstnudeophileamong s. But CÎ is the weakest nucleophile and hence it requires a Lewis 
acid {anhydrous Inch) to initiate the е role of which is shown | below. 


а 


it T Hr MONSON stodgy 
s ifs mE c, ed + [ЖОНС] >, ZnCl, + HO 
(b) By the action of phosphorus halides on alcohols : Alcohols react with phosphorus 
halides to form alkyl;halides. i ss; | bilad [үл 
ROH + PCI, > RCI + Рось. + ‘HCl, ols 
soi Aleohal 121 „Allyl halide 
SELCH,OR s PClg- CH4CH;Cl + РОСЬ oto HCl 
Ethanol olrio 21191 nodis) Ethylehloride ir 
PBr;or Pl;arenot directly applied; punc cand theseare — insitu sy the addition 
Mr thiet o fata 191 si i : 
bshr р 1018 ARP Ao 3Br = 2PBri: 
3CH;CH,OH + РЁ; ЗОНЕ + HO, 
ге Ethyl bromide: 

(с) ‚Ву the action of thionyl chloride on alcohols ; Thionyl chloride (SOCL) reacts with 
“alcohols i in presence of pyridine to produce alkyl chlorides. The function of pyridine here is to 
absorb HCl which is formed i in the reaction. à 

кону, „+ SOCh Pridne, RC “be 50; + HCI 


cuc on. + soci, site, CH,CH;CI + 5031+ HCI 


(2) By the substitution reaction with alkanes : Alkyl halides along with polyhalogen 
derivatives are obtained ‘when alkanes react soil CIS or Br in presence of te v; light, of heat 
(400°C) òr catalyst (CaCl, FeCl})-Chiorination beyond топо derivative mel be-suppressed 
by gang A the ratio of chlorine to alkane. 

d yo»in s -Azt nsgoind î 
SH; dut: CHCl yeee, CH. جب‎ CH. E са, +, НС. 
poen 

"(3) By the addition of hydrogen halide (HC, HBr, HY) on alkenes НСІ, HBr or HI add 
to alkenes ‘to produce alkyl halides. The process of addition of halogen acids follows 
Markownikoff's rule with the exception;for the addition of НВг ii ілургеѕепсе of organic 
peroxides (R-O-O-R). " 5 

THH 1 һ 12 
R CHCH eG + +HX — R сњ. CH... 
"S Allyl mum 


2-Bromo propane 
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CH;-CH = CH; + НВг B® £ єн, єн, сн,вг 


Propene 1-Bromo propane 
CH; = CH; HI CH;-CH;I 
Ethylene Ethyl iodide 


(4) By halogen exchange reaction : This reaction is used particularly in the preparation 
of alkyl iodides and fluorides. The alkyl bromide or chloride on being heated with a 
concentrated solution of Nal in acetone yields alkyl iodide. 


acetone 
CH;CHoBr + Nal SRM CH3CH)I + NaBr 


When alkyl chloride or bromide is heated with inorganic fluorides, yields alkyl 
fluorides. 


2C,HsBr + Hg;E, —— 2С,Н;Е + HgjBr, 

(5) Hunsdiecker reaction : Alkyl halides can be very conveniently obtained by treating 
Cl; or Br; upon silver salts of the carboxylic acid dissolved in carbon tetra chloride solution. 
This is known as Hunsdiecker reation. 

CH;COOAg + Br, ——»> CHBr + CO, + AgBr 
7.3. General properties of alkyl halides. 

[A] Phsical : 

(i) Although the alkyl halides are polar іл nature, they are insoluble in water but 
soluble in organic solvents. This is due to the fact that they can not form hydrogen bonds 
with water molecules and are unable to break the hydrogen bonds present among water 
molecules. 

(ii) Alkyl bromides and iodides are denser than water. The densities of alkyl halides 
increase in the following order — Fluoride < Chloride < Bromide < Iodide. 

(iii) The boiling points of alkyl halides increase with the increase in the size of the alkyl 
group fora given halogen atom. Again fora given alkyl group the boiling points of alkyl halides 
increases in the following order—RF < RCI < RBr < RI. 

(iv) Alkyl iodides are less stable. In presence of light, they decompose to give free iodine. 
As a result, alkyl iodides become violet or brown on long standing in light. 

" 
2R1— 9. RR 4T, 

[B] Chemical properties : 

The alkyl halides are very reactive and undergo the following types of reactions- 

(1) Substitution reaction, (2) elimination reaction, (3) reduction reaction, (4) reaction with 
metals to form organo-metallic compounds. 

(1) Substitution reactions : 

Due tothe high electro negativity of the halogen atom relative to carbon atom, the C-X bond 

+6 25 
in alkyl halide is highly polarised covalent bond. СХ. Consequently, the carbon atom of alkyl 
halide becomes an ideal site for the attack by electron rich species i.e., nucleophiles. The 
replacement of the halide ion by a nucleophile i.e., nucleophilic substitution reactions are the 
most common reactions exhibited by alkyl halides. 

The common nucleophiles are—NO; , ОН”, CN NH2, OR’, SH, RCOO etc. 


CH-11/46 
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But when alkyl halide is treated with silver nitrite, nitro paraffin is produced. 
C,HsBr + AgNO, > C,H;NO, + AgBr 
Ethyl bromide Nitro ethane 
This difference in the formation of nitrite and nitroparaffin is attributed to the fact that, the 
NO; ion is ambidentate. It has two nucleophilic sites— nitrogen and either of the two oxygen 
atoms, both contain unshared pair of electrons. Reaction with unshared pair of electrons on N 


atom forms RNO; (Nitro paraffins) while КОМО (Alkyl nitritie) is formed by the reaction site at 
oxygen atom. 


(vii) With silver salt of carboxylic acid : Alkyl halide on being heated with an alcoholic 
solution of a silver salt of a carboxylic acid yields ester. 


R—-C—OfAg FH CHCH AL, R-C-OCH.CH, +АШ 


Silver salt Ester 


AS 


CH;—C—o! Ag + Bri CH,CH, hem, e bed + AgBr 
Silver acetate TTT ] Ethyl bromide 4 Ethyl acetate 


(viii) With sodium alkoxides : Alkyl halides react with sodium alkoxides to produce ethers. 


CHL + NOCH; ——> CH;—O—CH; + Nal 
Sod. methoxide Di Methyl ether 
This reaction is known as Williamson reaction. Ethers can also be obtained by heating dry 
silver oxide with alkyl halides. 
2C,HsBr + Ар;О 4 С,Н;ОС,Н, + 2AgBr 
Ethyl bromide Di ethyl ether 
[2] Elimination reactions : 
With alcoholic KOH : Alkenes are produced when alkyl halides are treated with alcoholic 
sodium or potassium hydroxide. As HX are eliminated from alkyl halide, this type of reaction 
is known as dehydro-halogenation reaction. 


T 


H;C—CH, * KOH Mee H,C=CH, +KBr + HO 
Ethyl bromide 4 Ethylene 
CH;—CH;—CH;Cl + KOH CH;CH=CH, + KCl + HO 
1-Chloro propane ё Ргорепе 


[ In case where the dehydro-halogenation of an alkyl halide gives more than one alkene, then according to 
Saytzeff rule, the most highly substituted alkene will be the major product. Thus when 2-chloro butane is heated 
with alcoholic KOH, two alkenes may be obtained. ? 


^ CH; = CH-CH;CH; 
CH; CHC! CH; CH; + KOH——> 1-Butene (20%) 
CH3-CH = CHCH; 


2-Butene (80%) 
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As 2-Butene is the most highly substituted alkene (disubstituted), it is Һе major product when 2-chloro butane 
is reacted with alcoholic KOH.] s 


(3) Reduction : Alkanes are produced by the reduction of alkyl halides by (i) LiAIH,, 
(ii) Zn + НСІ and (iii) hydrogen in presence of Ni or Pd catalysts. 


2H 
(i) CH3CH;CH;C| | —— ——» CH;CH,CH; + НСІ 
LiAIH, 
1-Chloro propane Propane 


(ii) CH,CHjBr uim CHCH; + HBr 
Ethyl bromide ni s en 


(iii) CH;CHICH, + Н, —“— CH;CH;CH; + HI 
2-lodo propane Propane 
(4) Wurtz Reaction : Alkanes are produced by heating alkyl halides with metallic sodium 
in dry ether solution. The two alkyl groups join together to get a symmetrical alkane. 


„ПЗВ 4 th 
RX 2Na + Xi-R RR + 2NaX 


TENE Alkane 


CH;CHl + 2Na + ICH;CH; Sher „ CH,CH,CH,CH; + 2Nal 


Ethyl iodide n-Butane 
(5) Halogenation : In presence of u.v.light or at high temperature, alkyl halides react with 
chlorine or bromine with the formation of a mixture of a number of halogen derivatives. Thus 
methyl chloride reacts with Cl, in presence ofu. v.light to yield a mixture of methylene chloride, 
chloroform and carbon tetra chloride. 


а а а 
CHC => CHC Бесе — CO. 
Methyl chloride UV. 79" Melhelene "^ 9" Chloroform '' ^". Carbon tetra 
chloride chloride 


(6) Friedel-Crafts reaction : This reaction involves the introduction of an alkyl group into. 
the benzene ring by the action of an alkyl halide on benzene or an aromatic compound in 
presence anhydrous aluminium chloride which acts as catalyst. 


Н; 
O pe amaa + HCI 
Toluene 


Benzene Methyl chloride 


(7) Reaction with magnesium—Grignard reagent : In dry ether, alkyl halides react 
with metallic magnesium to produce Grignard reagents. 


th 

CH,I + Mg ——— CHjMgl 
Methyl magnesium 
iodide 


th 
C,H,Br + Mg > CoHsMg Br 
Ethyl Mg bromide 


R-Mg-X types of organo-metallic compounds are known as Grignard reagents. 
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Alkyl halides form dialkyl zinc when warmed with zinc powder or zinc-copper alloy. 

2RX + 2Zn —“—> ZnR; + ZnX; 

(8) Alkyl halides reacts with lead-sodium alloy to produce tetra alkyl lead. Thus ethyl 
bromide reacts with lead-Na alloy to produce tetra ethyl lead (TEL) which is used as an anti 
knock compound in petrol engine. 

4C;HjBr + 4Pb-Na > (CHs)4Pb + 4NaBr + 3Pb 
Ethyl bromide TEL 
[DIHALOGEN DERIVATIVES] 


[A] The compounds which are produced by the replacement of two hydrogen atoms of a hydrocarbon by two 
halogen atoms, are known a dihalogen derivative e.g., 


1 | H 
H H Сон 
Dichloro y lt or 1, Срез 1, 1-Dichloro 


methylene chloride ethane ' ethane 
Vicinal (Vic) dihalide : When two halogen atoms are attached to the two adjacent carbon atoms, the 
dihalogen derivative is known as vicinal (vic) dihalide. Thus in the above example, 1, 2-Dichloro ethane is a 
vicinal dihalide. 
Geminal (gem) dihalide : When two halogen atoms are attached to the same carbon atom, the dihalogen 
derivative is known as geminal (gem) dihalide. Thus, in the above example, 1, 1-Di chloro ethane is a geminal 
or gem dihalide. 


[B] Methods of preparation : 
(a) (i) Geminal dihalides are prepared by the action of phosphorus penta halide on aldehydes or Ketones. 
Thus 2,2-di chloro propane is produced by the action of PCI; on acetone. 
1 
сн = О + PCl, —> CHs—¢—CHs + РОС); 
CH; а 
Acetone 2, 2-Dichloro propane 
(ii) 1, 1-dichloro ethane is prepared by the action of РС; on acetaldehyde. 
| 
CH,—C—H + PCl; —> Чүй + РОС, 
а 
1, 1-Dichloro ethane 


(iii) Gem dihalides can also be prepared by the action of hydrogen halides on alkynes. In this addition 
Markownikoff's rule is followed. 


Br 
їс «сн. Р. сн, BB: "ж-не, 
Acelylene 


1, 1-Dibromo ethane 


d 
сн сп саен НО А cH, HCl, cu cub ch, 


1-Bulyne d 
2, 2-Dichloro butane 
(b) (i) Vicinal dihalides are prepared by the action of halogens on alkenes. 
Br 
CHCH = CH + Br, — — CHCH- Ch, 
Propene 1, 2-Dibromo propane 
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(ii) It may also be prepared by the action of phosphorus tri halide on glycols. 
3(HO-CH,-CH,OH) + PBr3 —> 3(Br-CHz-CHz-Br) + 2H3PO3 
Ethylene glycol 1, 2-Dibromo ethane 
[С] Properties : Dihalides are colourless liqui i i i 
| insoluble рге: Di-iodo methane erm К корони pase di үкен 
(1) Hydrolysis with KOH or NaOH solution : 
(а) Vicinal dihalides react with адиедив KOH or NaOH with the formation of glycols. 


Cl-CHz-CH;Cl + 2KOH ~~ HO.CH,-CH,OH + 2KCl 
1, 2-Dichloro ethane Ethylene glycol 
(b) Gem dihalides react with aqueous solution of KOH or NaOH to form aldehyde or ketone. 
° MAE: 
снусн;с—н + 2KOH TT CH.CH;C-H — —— CH3CH;C-H + HO 
| OH 
1, 1-Dichloro propane Propanal 
| n рн 9 
CHG +2КОН ят он-ф—сн, — ORC Ot HO 
2, 2-Dichloro propane 
(2) With alcoholic KOH-Dihydro halogenation : 
(a) Vic dihalides and gem dihalides react with alcoholic KOH to produce alkynes. 
d d 
e + 2KOH zib bone ji HC =CH + 2KCl + 290 
H H Acetylene 
1, 1-Dichloro ethane 
(vicinal dihalide) 
Wwa ethanol 
(b) fecta + 2KOH => HC = CH + 2КС\ + 2H,0. 
н d Acetylene 


1, 2-Dichloro ethane 
(gem dihalide) 


(3) With KCN (a) Vic dihalides produce dibasic acids on treatment with KCN followed by hydrolysis 
(b) Gem dihalides produce mono basic acids on treatment with KCN followed by hydrolysis. 


HCOOH 
qra SA ra 1:2 mo f © (Succinic acid) 
сна CH;CN P CH,COOH 
[e] CN но СООН 
Cig A, снн > CH LH > CH;CH;COOH + СО; 
1 N ООН 
(1,1-Di Chloro (unstable) (Ргорапоіс acid) 
ethane) 


(4) Reaction with zinc : Both gem diholides and vic dihalides give alkenes when they are treated with zinc 
dust in methanol. 


thanol 
BrCH,-CH,Br +в — ET, Gy + ZnB 
1, 2-Dibromo ethane Ethylene 


1, 3-Dihalides ог 1, 6-vihalides on treatment with Zn dust in methanol give cyclo alkanes. 
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4 
'CH,Cl CH; 
1, 3-Dichloropropane Cyclo propane 
[TRI HALOGEN DERIVATIVES] 


The compounds which are produced by the replacement of three hydrogen atoms of a 
hydrocarbon by three halogen atoms are known as tri halogen derivatives. 


1 г I 
| 
س‎ —I 
HCI HÇ Br н 
СІ Вг І 
Tri chloro methane Tri bromo methane Tri iodo methane 
or Chloroform or Bromoform or iodoform 


7.4. Haloform reaction. 


The reaction by which the halogens react with organic compounds containing keto methyl 
group [CH. e in presence of strong alkali with the formation of haloform (chloroform 


CHCl;, bromoform CHBr;, iodoform CHL) is known as haloform reaction. 

Organic compounds like acetaldehyde (CH;CHO), acetone (CH;COCH;) containing 
keto methyl group take part in this reaction. Alcohols having -CH(OH)CH; grouping 
e.g., CH;CH;OH, RCH(OH)CH; or ArCH(OH)CH; are oxidised by halogens to form 
‘keto methyl group. Consequently these type of alcohols also take part in the haloform 
reaction. 

Haloform reaction takes place in the following two steps. 

In the first step, the three H atoms of the methyl group of the carbonyl compound are 
replaced by three halogen atoms with the formation of tri halo carbonyl compounds. 


CH,COR-3**NeOH, Cy COR + 3HX 
Tri halo carbonyl 
compd 


In the next step the produced tri halo carbonyl compound undergoes hydrolysis with alkali 
to produce haloform. 


Haloform 

Examples : 
(1) From ethanol, chloroform is obtained in the following three steps. 
(i) Oxidation by Ch. CH;CH;OH + Cl, э CH;CHO + 2HCI 

Ethanol Acetaldehyde 
(ii) Formation of chloral. CH;CHO +3СЬ > CCLCHO + 3HCI 

Chloral or 
Trichloro acetaldehyde 


(iii) Hydrohysis of chloral by alkali. 
CCl;+-CHO — CHCl + HCOONa 
H+ONa Chloroform Sod. formate 
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(2) From acetone by the action of bleaching powder : 
(i) Formation of trichloro acetone : Acetone first reacts with chlorine obtained from 
bleaching powder to form tri chloro acetone. 
CH;COCH; + 3Cl, > CChCOCH, + 3HCI 
Acetone Trichloro acetone 
(ii) Hydrolysis of trichloro acetone. The trichloro acetone thus obtained reacts with 
Ca(OH), (which is supplied by bleaching powder) to produce chloroform. 
CCl—+-COCH; H;COC-+-CCI, 


H4-0——Ca— OH 
Tho пато reaction is also responded by isopropyl alcohol CH;CH(OH)CH3. 
CH;CH(OH)CH; + h э CH;COCH; + 2HI 


— 2CHCI; + (CH;COO),Ca 
Chloroform  Ca-acetate 


CH.COCH; *3b э ChCOCH, + 3HI 
Tri iodo acetone 

CI,COCH; + NaOH — CHI; + CH4COONa 
lodoform Sod, acetote 


Haloform reaction is used for the identification of the presence of keto methyl group in 
a compound. It is also used as a diagnostic test for acetaldehyde, acetone and any other 
compound like ethanol, which is easily oxidised to give a compound having keto methyl 
group. 

7.5. Different methods of preparation of chloroform. 

(1) Laboratory method. 

[A] Principle : Chloroform is prepared in the laboratory by the action of ethanol or acetone 
with a fine paste of bleaching powder in water. Bleaching powder supplies the chlorine and 
calcium hydroxide necessary for the reaction. Chlorine acts as an oxidising as well as 
chlorinating agent and Са(ОН) is used as an alkali. 

(i) Chloroform is obtained from ethanol in the following three steps : 

Step I—Oxidation : In the first step ethanol is oxidised by Cl; of bleaching powder to form 
acetaldehyde. 

CH;CH;OH + Cl; + CH;CHO + 2HCI 
Ethanol Acetaldehyde 

Step II—Chlorination : The produced acetaldehyde reacts with chlorine to produce tri 
chloro-acetaldehyde or chloral. 

CH;CHO + 3СЬ — CCI,CHO + ЗНСІ 
Acetaldehyde Chloral 
Step III—Hydrolysis : In this step the produced tri chloro acetaldehyde undergoes 
hydrolysis with calcium hydroxide, with the formation of chloroform and calcium formate. 
2CChCHO + Ca(OH), — 2СНС + (НСОО):Са 
Chloral Chloroform Са. formate 
(ii) Reaction of acetone with bleaching powder takes place as follows : 
Step I—Chlorination : Acetone reacts with chlorine to produce tri chloro acetone. 
CH,COCH; + 3Cl —> ССЬСОСН; + 3HCI 
Acetone Tri chloro acetone 

Step II—Hydrolysis : In this step the produced tri chloro acetone undergoes hydrolysis by 

Ca(OH), to form chloroform and calcium acetate 
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2CCI;COCH; + Ca(OH), — 2CHCI; + (CH3COO),Ca 


Tri chloro acetone Chloroform Ca. acetate 
or CCL--COCH, H,CCO-LCCI; — 2CHCI; + (CH;COO),Ca 
H-++O——Ca——O-+H Chloroform Ca acetate 


[В] Procedure : 100 g of fresh sample of bleaching powder is mixed with 200 ml of water 
to make a fine paste. The paste is taken into a round bottomed distilling flask and 25 ml of 
ethanol or acetone is added slowly into it with constant shaking. The flask is then fitted with 
a Liebig condenser and cold water is circulated through it. The other end of the condenser is 


alcohol 
+ Bleaching 
powder + water 


Sand bath 


Fig. 7.1 
introduced into a conical flask containing water which acts as receiver. The round bottomed 
flask is then heated on a sand bath and when vigorous reaction starts, the heating is stopped. 
When the reaction subsides, the flask is heated gently when chloroform distills over and collects 
as a heavy liquid under water in the receiver. 

[C] Purification : The chloroform thus obtained contains unreacted alcohol, hydrochloric 
acid etc., as impurities. The distillate from the receiver is taken in a separating funnel. 
Chloroform being heavier than water forms the lower layer whichis separated. It is then washed 
with dilute NaOH solution to remove alcohol and НСІ, and then with water. The chloroform 
thus freed from НСІ and alcohol is dried over fused calcium chloride and redistilled when pure 
chloroform is obtained as distillate. 

(2) From chloral or chloral hydrate : Pure chloroform is prepared by distilling chloral 
(CCI5CHO) or chloral hydrate [CCI3CH(OH);] with concentrated solution of caustic soda or 
caustic potash. 


CCh—CHO 

: э CHCl + HCOONa 
Н--ОМа Chloroform Sod. formate 
CCI:3-CH(OH); 

H э CHCl, + HCOONa + H,O 
Н--ОМа 


(3) From carbon tetra chloride : Chloroform is obtained by the partial reduction of carbon 
tetra chloride with iron filings and water in presence of little НСІ. 


B 
ССІ, + 2[H] SR" СНС + НСІ 
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(4) From methane : Chloroform is obtained by the chlorination of methane at 400°C. 
Chloroform is separated from the other products by fractional distillation. 


CH, а CH,Cl + СЊСЬ + CHCl, 4CCI, 


7.6. Properties of Chloroform. 

[A] Physical : Chloroform is a colourless volatile liquid, b.p. 61°C. Itis heavier than water 
and almost insoluble in water but readily soluble in most organic solvents. Chloroform itself 
is an excellent solvent for fats, oils, rasins etc. 

Its vapour when inhaled causes temporary unconsciousness. 

[B] Chemical : 

(1) Oxidation : In presence of air and sunlight it is slowly oxidised by the aerial O; to form 
carbonyl chloride or phosgene (a highly poisonous gas) and hydrogen chloride, 


2CHCI, + O, “> 2COCI, + 2HCI 
Chloroform Phosgene 
To prevent the oxidation of chloroform to phosgene : Chloroform especially which is to be used for 
anaesthetic purpose, is always stored in dark coloured bottles to cut off light. To prevent the action of Oz, 
the bottles are kept filled to the neck and well corked to expell the air inside the bottle. The oxidation can also 
be retarded by adding small amount of ethanol. This converts phosgene if any formed, to ethyl carbonate 
which is harmless. 
2C,H;OH + СОСІ, Э (C:Hs),CO; + 2HCI 
(2) Hydrolysis : On being heated with alcoholic or aqueous caustic potash solution, 
chloroform undergoes hydrolysis with the formation of potassium formate. 


i PEREN 
H-Cicl+ Мон —> H-CCOH&— Н-р=0 + ЊО 
вов он OH 
unstable Formic acid 


(3) Reduction : (a) When chloroform is heated with zinc dust and water, it is reduced to 


methane. 


СНС yl CH. + ЗНА 


Chloroform Methane 
(b) Chloroform is reduced by the nascent hydrogen produced by the action оѓ metallic zinc 
and HCl, to form methylene chloride. 


CHCl A_> CHCl + HCI 
Methylene chloride 
(c) Chloroform is reduced to methyl chloride by thenascenthydrogen obtained by the action 
of metallic zinc and alcoholic solution of НСІ. 


CHCl, age CHCl + 2HCI 


(4) Carbylamine reaction : Chloroform reacts with primary amines e.g., ethyl amine 
(C;H5NH;) or aniline (CeHsNH;) in presence of alcoholic KOH to form the corresponding 
isocyanides. 
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СНСЬ + 3KOH + C;H;NH; — C;HSNC + 3KCI + ЗНО 


Chloroform Ethyl amine — Ethyl isocyanide 
CHCI; + 3KOH + СеН;ЧН, — CgHsNC + 3KCI + 3H;0 
Chloroform Aniline Phenyl isocyanide 


Isocyanides have nauseating and disagreeable smell. The formation of isocyanides is used 
as a test for the primary amines (aliphatic as well as aromatic). 


@ Mechanism : 
Carbylamine reaction proceeds through the formation of unstable intermediate, known as dichloro carbene 


which acts as an electrophile as it contains six electron. 


Dichloro carbene 


ү Жз sd 
| cl 1 ss а PATI 
Lila o argie teeth e ён ХУ? 
N x | ^ 
cl H d H cl 
-CF D С “Ж 
CsHs- М C-Cl == С 
та «Hs N7 CU ——> СН; 
(5) Chlorination : Chloroform reacts with chlorine in presence of u.v.light to produce 
carbon tetra chloride. 


| 
CHC) Se CCl, + HCl 
а Carbon telra chloride 


(6) With silver (dehalogenation) : On being heated with silver powder chloroform is 
dehalogenated with the formation of acetylene. 
CI 


fn М 
H-C—Cl + 6Ag + gru —> HC == С-Н + Ó6AgCIl 
CI а Acelylene 


(7) Nitration : Chloroform reacts with concentrated nitric acid to produce chloro picrin 
which is used as insecticide. 
çi 


1 


Chloro picrin 


(8) With acetone : Chloroform, in presence of alkali, undergoes condensation with acetone 
with the formation of chloretone which is used as hypnotic. 


H 
1 
CH;-C-CH; + H-CCl; —> CH;-C-CH; 


CCl; 
Acetone Chloroform Chloritone 
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(9) With phenol (Reimer-Tiemann reaction) : In presenceof sodium hydroxide, chloroform 
reacts with phenol to produce salicylaldehyde and p-hydroxy benzaldehyde. 


OH OH H 
NaOl 
CHC Сы» CHO , 


Phenol Salicylaldehyde CHO 

ө Uses of Chloroform. ا‎ 

Chloroform is used (i) as a solvent for fats, oils, waxes and rubbers; (ii) for the identification 
of primary amines; (iii) for the preparation of chloro picrin (used as insecticide) and chloritone 
(a hypnotic); (iv) as a preservative for anatomical specimens. 

e Identification of chloroform : (i) A mixture of chloroform and Fehlings solution is taken in test tube when 
red ppt of Cu;O is obtained. 

CHCl, + 2СЦОН), + 5KOH — Cu;O 1  KiCO; + 3KCl + SHO 

(ii) In a test tube 2-3 drops of chloroform and 2-3 drops of aniline are token and 2 ml of KOH is added to 

it. The mixture is heated gently when a disagreeable odour of phenyl isocyanide is obtained. 
CHCl, + 3KOH + CsHsNH2 > CéHsNC + 3KCI + ЗНО 
7.7. Yodoform or tri-iodo methane. 

[A] Preparation : 

(1) Laboratory method : 

(a) Principle : lodoform is prepared in the laboratory by the action of ethanol or acetone 
on iodine and an alkali or alkali carbonate (NaxCO;) solution. The reactions take place in the 
following steps. 

Step I1 : Oxidation of ethanol to produce acetaldehyde: 

CH;CH,OH + L-CH;CHO + 2HI 

Ethanol Acetaldehyde 
Step Il; Formation of tri iodo acetaldehyde. CH;CHO + 3 > СІ,СНО + ЗНІ 
Step Ш: Hydrolysis of tri iodo acetaldehyde with alkali (NaOH) to produce iodoform. 


^ 
саса CHI; +  HCOONa 
Н 4O-Na lodoform Sod. formate 
П 


(b) Procedure : 10 g of sodium carbonate is dissolved in 50 ml of water in a beaker. To this 
solution 15 ml of ethanol and 10 g of iodine are added slowly with constant stirring. The mixture 
is then heated to 60°-70°C on a water bath, till the solution becomes pale yellow. The solution 
is then cooled when pale yellow crystals of iodoform separate out. The crystals of iodoform are 
separated by filtration and washed with water. 

The reaction with Ма;СО; is, 

CHOH + 41, + 3Na,CO; 4 5 Nal + CHI + HCOONa + ЗСО, + 290 ; 

2) Industrial process : lodoform is red on a large scale by the electrolysis of an aqueous solution ol 
"m. or puree in presence of See iodide pet arene dens The temperature of the bath is 
maintained at 60°-70°C. 

On the passage of current, iodine is liberated at the anode. Ethanol reacts with iodine and sodium carbonate 
yielding iodoform which separates out from the solution as yellow crystals. 
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[B] Properties : It is pale yellow solid—m.p 119°С. It has a characteristic smell. It is 
insoluble in water but readily soluble in alcohol, chloroform and ether. 

Chemical : Iodoform resembles chloroform in its chemical properties. 

(1) Oxidation : lodoform is decomposed to free iodine in moisture, air or light. On heating 
it gives iodine vapours. 


(2) Hydrolysis : When it is boiled with alcoholic caustic potash, potassium formate is 
produced due to hydrolysis. 


J| Кон он Fk 
H-CÓI + KOH > н-Сон —5 H-p-o AS H-t-0 
"т... КОН OH OH OK 
Formic acid Pot formate 


(3) Reduction : On reduction with red phosphorus and hydro-iodic acid, iodoform is 
reduced to give methylene iodide. 


CHI, + 2[H]-59"" , CH + HI 


(4) With silver powder : lodoform on being heated with silver powder yields 
acetylene. 


CHI; + 6Ag + LCH x> CH = CH + 6Agl 
(5) Carbylamine reaction : When it is heated with aniline and alcoholic caustic potash 
solution, phenyl isocyanide is produced which has an offensive smell. 
C4H;NH; + 3KOH + CHI; — C4HSNC + 3KI + ЗНО 
(6) With silver nitrate—tt precipitates yellow silver iodide from silver nitrate solution, 
which shows its unstability. (CHCl; does not give such ppt.) 


(7) Methylene iodide is formed from iodoform by reducing it with alkaline sodium 
arsenite. 
CHI, + NaOH + Na3AsO; = CHI + Nal + Na;AsO, 


[C] Uses : It is used as an antiseptic, but its antiseptic action is due to free iodine which it 
liberates but not due to iodoform itself. 

€ The compounds which respond to the haloform test. 

[A] Organic compounds having the following structural formulae respond to haloform test. 


H (i) When А = Н, the compound becomes ethanol, consequently 
CHG ethanol will respond to haloform reaction, Ethanol is the only primary 
OH alcohol rin responds Ю this test. 


‘ 
(ii) When R = an alkyl group e.g., CHi-C-CHs, the compound becomes isopropyl alcohol. 
OH 


Thus isopropyl alcohol will also respond to haloform test, because on being oxidised by halogens it is 
converted to acetone having keto methyl group. 


H 
ссн, *C Qc cs + 2Hdl 
OH о 


Any aliphatic secondary alcohol having СН:СНІОН)-агоор will respond to haloform test. 
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(B) In the compound having the following structural formula CHC = О, (i) When ReH, the compound 


becomes CH;CHO i.e., acetaldehyde. As it has keto methyl group, it EC to holoform test. 
(ii) When R=CH; or any other alkyl or aryl group, e.g., 


Hro CH E 
CH; CH; 
Acetone Methyl propyl ketone Acetophenone 


All these compounds will respond to haloform test. in fact, all the compounds having [CHy—CO—] group will 
respond to haloform test. $e | t 


€ Conversions—írom chloroform to acetylene, acetaldehyde, acetic acid, acetone, 
ethanol, ethane, propane, propyne and methane. 


T 6 H,O. 20% 
i) paa }®®>[нсесн | Se io СНСООН 
; 
Chloroform Ethyne Acetic | acid 
| 6Ай [ LiAIH, AH] Zn/HCl ColOHh моон 


кесен очсо» ом 
т Ethanol 


Acetylene ну Ethane |z | pdo 
or | Conc. ist li 
socle CHEECH] | 955, ol 
4H 
CH. а ЊН» | унат 900% 
Гари Ethylene Propane Acetone Methane 
(ii) Carbon disulphide to benzene : 
AICI Fe/H Cu tube 
CS; + ЗС ——— ca E, CHCl, “A CH=CH ncn сл, 


e Allyl chloride is more reactive than propyl chloride—explain why. 
This is due to the fact that, the reactivity of both of them is due to the ionisation of CF with the formation of 
e 
carbonium ions (CH;CH;CH2) and CH; CHCH». But the allyl cation can form resonance hybrid and so it is more 
stable and is formed more easily than the propyl cation 
e 
CH» CH—CH; ++» CHz—CH2CH; 

Consqevently allyl chloride ionises more readily than propyl chloride. This explains why allyl chloride is more 
reactive than propyl chloride. 

© Vinyl chloride is less reactive than ethyl chloride—explain why. 

This.is due to the fact that, vinyl chloride is a — hybride of the following two structures : 

ac cr ChCh- 
(о) (b) 

In structure (b) chlorine atom is joined to C atom by a double bond and possesses a posilive charge 
and the C atom of CH; group possesses a negative charge. Thus vinyl chloride becomes stable due to 
resonance. 

In structure (b) C—C! bond has some double bond character and so it is stronger thon pure single 
bond. The carbon atom is sp” hybridised and so the bond to CI atom becomes shorter and stronger thon the 
С—С bond in ethyl chloride where the carbon atom is sp? hybridised. Hence the vinyl chloride molecule is 


more stable. 
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ө Chart for the synthesis and reactions of alkyl halides. 


r> KO. R—OH 


4 Alcohol 
но 
% um AgOH— > R—OH 


8 


+NH; sys АМН 
Pr amine 


y kon iene oN 
Cyanide 


+ AgCN———> RNC 
Isocyanide 


|—» + МаС=СН ——> CH;—C=CH 
Acelylide Propyne 
+ KNO; —— — R—O—N-O 
Alkyl nitrite 


К>» +NaOR ——»> R-O-R 
alkoxide ` Ether 


(4) 


Wurtz 
reaction 


+ KOH е, Alkenes 


LiAlH, or 
+ 2[H] “n+ HC Alkane 


+ Cl di, tri, tetra 


halogen 
derivatives 


Нз 
AlCl, 
+ س‎ 
CHCl 
Toluene 


E EK 


Grignard reagent 


1 ————> Tetra ethyl lead 


% na омен of some problems regarding the reactions of alkyl halides and hydro- 


. (1) A hydrocarbon (A) is treated with excess of hydrogen chloride when а dihal derivati i 
8 а ive В 
лр (В) is treated separately with aqueous and alcoholic KOH to produce ер знч 
aving three carbon atoms. Compound (C) does not reduce Tollen's reagent and (A] gives a white precipitate 
with ammoniacal silver nitrate. Identify the compounds (А) to (С). s 


v.v light 
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Ans: Asthe hydrocarbon (A) contains З carbon atoms and reacts with ammonical silver nitrate to give a white 
ppt, itis an alkyne which produces silver acetylidewith ammoniacal AgNO. So (A) must be propyne CHs—C=CH. 

On treatment with excess of HCl according to Markownikoff's rule the the 2 halogen atoms will combine with 
the number 2 carbon atom with the formation of dihalogen derivative of (A) So (B) must be 


viel 
Dub. i.e., 2, 2-Dichloro propane. 
а 
When (В) is treated with alcoholic KOH propyne is produced, but when it is treated with aqueous solution of 


KOH an unstable product аң is produced which decomposes to give CHsCOCH; i.e; acetone. So the 
OH 
compound (C) is acetone. The reactions involved are, 


d 
нось йа Sata, на cra 


Р (A) а 
RS 2, 2-Dichloro propane (B) 


aqueous 


| 2КОН 
CH-Q-CH;—muue* CH CH * CH;COCH: 
d 


OH Acetone (C) 
2, 2-Dichloro 
propane (B) 
1 
оба к CHy-C=CH + 2Kd + 290 
Р А) 
а ре Acetone (С) 
NH, 
CHC = CH + AgNO; > CHC = CAg 1+ HNO: 
White ppt 
of methyl acetylide 


(2) A dihalogen derivative (A) ofa hydro carbon having 2 carbon atoms reacts with alcoholic KOH to form 
another hydrocarbon which gives red ppt with ammoniacal cuprous chloride. The соті ind (A) when treated 
with aqueous solution of KOH gives an aldehyde. Identify the organic compound [^38 

Ans. The dihalogen derivatives (A) on being treated with aqueous solution of KOH gives aldehyde, this {о 
to prove that in compound (A) the 2 halogen atoms are pended fo the same carbon atom. So the compound (A) 

d 
is cH i.e., 1, 1-Dichloro ethane. The following reactions confirm this conclusion. 


а 


Acelylene red ppt of 
Cu acetylide 


d 
cud н ЖОН _, cuz CH + 2ка+.290; CH+C p ] 
um Leche =CH+ + 290; HC=CH+ رار‎ —> Cu-C = С-Со + 2НСІ 
а 
а OH о 
сн; ін 2КОН 11 
таа CH;—C-H —>сн;—С—Н + ЊО 
а OH 
unstable Acetaldehyde 
CH-I1U47 
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3) О le of Irocarbon (A) reacts with one mole of bromine giving a dibromo compound CsH joBr2. 
sibus HU Aio: with cold, dilute alkaline KMnO; solution forms a compound CsH;202. On 
ozonolysis, (A) gives equi molecular quantities of propanone and ethanal. Deduce the structural T e nl 


Ans:Th d (A) add: molecule of bromine to form CsHioBrz, it must be a double bond compound. 
The position doub le fate Бек out fon the products oblate by. the ozonolysis of the hydrocarbon (A), 


Thus. JEANS ссн 
CHE =О+О= Hs == CHG т 9 
CH; H CH3 H 
$ Propanone Ethanal (А) 
Thus the hydrocarbon (A) is 2-Methyl-2-butene. The reactions involved ore, 
[i br 
саб = qm + Вг —— Cres 
CH; H снн 
2, 3-Dibromo-2-methyl butane 
PEU. 
кої 
CHC = CCH + HO + O amo 994 — {9% 
4 
CH; H 


CH; H 
2-Methyl butane-2, 3-diol 


о—о 
сс sis +0, — сњо cos > сиге = O+ Hrg =О 
CH; H CHa H CHa H 
Propanone . Ethanal 

(4) An organic compound responds to iodoform test. After the iodoform reaction the produced iodoform 
is зерге у filtration and to the filtrate H,SO, is added when acetic acid is obtained. What is the structural 
formula of the compound ? 

Ans : As the compound responds to iodoform reaction it contains CHG =O group. 

Let the compound be R-COCH;, where R = alkyl or aryl group. 

R-COCH; + l + NaOH — RCOONa + CHI; 
The | = О group of the keto methyl group produces -COONa and -CH; group produces iodoform. 


As СНСООН is obtained from the produced salt (filtrate), so the acetic acid is produced by the action of 
CH3COONa on Н;$О,. Therefore, here R = -CH3 group. 


2. The structural formula of compound is CHG =O 
CHa 
Acetone 


(5) An alkene (A) on ozonolysis yields one molecule of propanal and one molecule of methanal. (A) on 
treatment with HBr produces the compound (В) which on reaction with alcoholic KOH yields an isomeric 
compound of (A) and another hydrocarbon (C). Identify (А) (B) and (С). 

Ans : The alkene (А) produces on ozonolysis yields 1 molecule of nal and 1 molecule of methanal. So 
by eliminating the two oxygen atoms we can get the original alkene [А] Thus, 


1-Butene (A) 


1-Butene reacts with HBr and according to Markownikoff's rule, we get, 
Br 
CH3CH;CH = CH; + HBr —> Chetan, 
2-Bromo butane (B) 
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iii When 2-bromo butaneis reacted with alcoholic KOH, 2-Butene (Clisobtained which is an isomer of 1-Butene 
{ H Br 


puel KOH 
CHs-CH-CH-CHa ы” CHCH = CH-CH3 
n 2-Butene 
Therefore (А) = 1-Butene, (В) = 2-Bromo butane and (C) = 2-Butene. 


e Explain why— 
^ (a) Dry gaseous halogen acids and not their aqueous solutions are used to prepare alkyl halides from 
alkenes. 

Ans : Dry halogen acids are better electrophiles than hydroxonium ion (НО?) produced in their aqueous 
solutions, On the otherhand Н;О is a nucleophile which only reacts with R* to give alcohols. 

(b) Chloroform is stored in dark coloured bottle. 117. ^80] 

‘Ans : See the properties of chloroform. 

(c) Hydrogen atom of chloroform is acidic but that of methane is not. 

Ans : This is due to the fact that, three strong electro-negative Cl atoms are bonded to the carbon atom of 
chloroform. Consequently the carbon atom acquires a partial positive charge due to =I effect of 3 chlorine atoms. 
Asa result, the C atom tends to attract electrons of the С-Н bond towards itself . As а result the removal of H atom 
as a proton from chloroform becomes easy. But in methane os the 4H atoms bonded with the C atom have the 
same electro-negativity the central Catom can not draw electrons towards itself. So methane does not exhibit acid 
property. 

(d) lodoform gives the precipitate of Agl with silver nitrate while heating, but chloroform does not. 


Asa result, the C- bonds in iodoform are easily broken to ger on being cap lions No AgNO3 
loroform is comparatively more strong, ће Г ions are 


In presence of H2SO4, alcohol forms protonated alcohol. R Он +H ج‎ ROH 
H 


СЇ can displace H2O which is avery weak base and a good leaving group unlike OH” which is a poor leaving 
group. 


б-н + CF 4 RCI + ЊО 
H 


e Questions e 
1. (a) What are alkyl halides ? How are they prepared ? 
(b) How is ethyl bromide prepared in the laboratory ? How does it react with the following ? 


(i) Alcoholic KOH, (ii) Aqueous KOH, (iii) KCN, (iv) Metallic Na. 
2. How would you prepare chloroform in the laboratory ? How is it detected ? How does it react with (i) air in 


presence of sunlight and (ii) silver powder. 
3. Name two compounds which give chloroform by their reaction with bleaching powder. How is chloroform 


stored ? 
4. Describe the preparation of iodoform. What is iodoform reaction. What is its use ? 


5. Identify (A), (8), (С) etc. 
(i) сңсн.сни, E, w Hem @ Pls (c) 


KO 
odd C,H,NH 
(ii) igo, ОСЬ w a, ш) 
Sodalime 
(î) снна > رم‎ (в) > ENE S8) 
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а, 
(м CH,CHyBr АКОН. рду 06. (pj KOH (c) er e (0) 


М CHyCH = Oh Et AOT Dd Ic) 


(vi) iii TE (4—6 p Xe. (C) 


(vii) CHyCH = CH; —> 
мн, 


(мїн) CH,CHOH— y (AJ (8) ———> (c 


6. How will you synthesize : 
(о) Ethyl alcohol from ethyl bromide. 
(b) Propanol from ethyl bromide. 
E oc т reves pommel " 


———Ü' e" КОРД аша. 
одана 

[ Hints: CH,CHt “> сенем E> CH;CH;COOH | 

(el Vinyl gi Oee e 

[Hints : CHCHOH — 5 , HCH i ms „_%к©н „ CH,-CHBr] 


(9 Pre rab bec 
(g) Chloroform form , 
(h) Ethyl acetate from ethyl bromide. 
li) Butene from ethyl chloride. 
li) Acetaldehyde from chloroform. 
(К) Chloroform from ethanol. 
7. State at least one chemical test which can distinguish : 
(i) ethanol from chloroform. 
[ Hints : Ethanol by iodoform test, chloroform by carbylamine reaction. ] 
(ii) 1, 1-Dibromo ethane from 1, 2-Dibromo ethane 


өө [ч Sa CH,CHO, CHBr- CHBr =н. OH- irm ОН] 


(iii) Chloroform from vinyl chloride. 

[ Hints : oon cin ba restored сон its action on NaOH which forms NaCl. The 
тоф i voted wih AONO eh pp A ined; but the Cl atom of vinyl chloride will 
not 


(iv) Alkyl halide from aon 


Me Mino to сум er lio i Alkenes do not respond to this test. In this test 
Cu wire is heated in a bunsen flame till the flame becomes colourless. A small amount of alky! 

Palaa m lan i hd eL. ат ral dr mr dm A green flame shows the 

presence of halogen.] 

(v) Chloroform from carbon tetra chloride. 


Explain why— 
(i) Vinyl chloride is less reactive than ethyl chloride. 
(ii) Allyl chloride is more reactive than ethyl chloride. 
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(iii) ly does not replace the H atoms of methane like Cl, in presence of v.v. light. 
(iv) Methyl alcohol does not respond to haloform test. 
(v) Chloroform is more acidic than methane: 
(vi) Chloroform is stored in dark coloured bottle. (11.1, '80] 
(vii) Small amount of ethanol is added to chloroform bottles. 
(viii) Ethyl iodide becomes violet on standing in light. 
(ix) lodoform gives a ppt with AgNO; on heating but chloroform does not. 
9. What happens when (give equations) : 
(i) Ethylidene bromide is treated with aqueous KOH, 
(ii) Ethanol is treated with bleaching powder ond the product is heated with silver dust. 
(iii) Silver acetate is treated with bromine. 
(iv) Carbon di sulphide is treated with sulphur mono chloride. 
М Chloroform is boiled with KOH. ә 
(vi) Chloroformis heated with Ag powder and the product is hydrolysed in 20% H,SO. in presence of HgSO,. 
(vii) Chloroform is treated with aniline in presence of alcoholic KOH. i 
(viii) Chloral is treated with NaOH. (ит. '84] 
(ix) Chloroform is treated with сопс, HNO)». 
(x) Ethanol is mixed with NaOH solution and iodine and the mixture is heated, 
(xi) Ethyl bromide in ethereal solution is reacted with sodium. 
(xii) Ethylene dibromide is boiled alcoholic KOH. 
(xiii) Tetra iodo id eoe with zinc ed ep 
(xiv) Propylene is with HBr in presence of peroxide. à z 
(xv) Sodium ethoxide and an alcoholic solution of ethyl iodide ore mixed ond Ihe mixture is pcs oe 
10. Write short notes on— 
(a) Haloform reaction Ы омана ы 
(c) Wurtz reaction (d) Williamson is Р ) 
11. А correct selection of alkyl halide con be utilised for the synthesis of desired aliphatic compounds—Discuss 
the statement illustratively. 


(Hints: CHo «Ме енд —*©'—> CHICHCN "> CHICHCOOH 


Buone ее — Ethyl iodide Ethyl cyanide HF, ` Propanoicocid 
KOH 
| i РО, sodalime 
CH,CH,OH "m 
voc|nso, нь Mon 
HCHO o CH=CH: qud 
отер Нн CH{CHCONH, 
| Ё 
ч д CH;Br-CH;Br [sov 
ST KOH (ale 
| korea CHCHINH: о, 
CH=CH Ethyl amine t> CH;CH,OH 
Acetylene 
Acetylene 
но [0] 
CH;CaCH «2%. Масысн Demi res, снісно D, CHCOOH Lu © 
Propyne Hg" * — Acelaldehyde Acelic 
но |н50, 
Ms 


H 
CH,COCH. CH,CH;CH; ] 
у 3 “ТТ” 
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Answer the following— 
(a) Mention the compounds which respond to iodofom test. [Е.Е. '84] 
(b) Describe one test which can distinguish Butene-1 from Butene-2. 
(с) What is carbylamine reaction? Which compounds are identified by this esa ? f * 

i апіс compounds (X) and (Y) when separately treated with iodine and caustic soda 
ЧЫ у pais, habe coral ii ond ib i ыр are (X) and (Y), (ii) How can you 
convert (X) to (Y) and vice versa ? 
(с) What is Freon-12 ? How is it prepared from СС. What is its use ? 
[ Hints : By the action of SbF; on CCI,. 
CCl, + 2HF EUN ССР, + 2HCI. Freon (dichloro difluoro methane) is used as a refrigerent and propellant 
in aerosol spray] 
(9) How would you prepare benzene from CCl, ? 


[Hints : CCl, + 2н—`ё/#©» CHCl, + HCI; 2CHCl + 6Ag — НС=СН + 6AgCI 
Cu tu Acetylene 
З(СН=СН) 00 > CH] 


(е) Name a colourless solid vied ox tie which is produced from chloroform. 

(f) What is chloro picrin ? How is it prepared from chloroform? Sate its uses. 

(9) Alkyl halides although polar in nature, are insoluble in water—explain why. 

(h) Colourless ethyl iodide bottle lying on shelf changes brown gradvally—explain why. 

(1) On treatment with 1-chloro propane with aqueous KOH 1-propanol is the major product but when it is 
treated with alcoholic KOH propene results as Ihe major product—what is the reason? 

[Hints : In alcoholic KOH, C;H«O" is present but in aqueous KOH, OH" is present. C;H4O" is stronger base 
than OH", Consequently the stronger base CHO” brings about the elimination by nucleophilic substitution. 
OH being less basic, can not bring about such nucleophilic substitution.] j 

Fill up the blanks— 

(i) RCHJOH > RCH,Br—"> RCHICN ——> RCH,COOH. 

d alc KOH H;O/HI Су 
(ii) CHCHCH Bg +> 350° 
(її) Chloroform on hydrolysis gives — ? 

GH;OH 
A 


? 


(iv) CHyCHBrCH; + KOH RTT 


(v) CHCl + Ag ә? ا‎ ? 


(vi) The compound prepared by the action of Mg on dry ethyl bromide in ether is known as—? 


‚ A dihalogen derivative (А) of a hydrocarbon having 2 carbon atoms on being reacted with alcoholic KOH 


forms another hydrocarbon (В) which gives a red precipitate with ammoniacal CuCl. The compound (A) 
gives an aldehyde (C) when treated with aqueous KOH. Identify (A) (B) and (СН). 
[Ans. (А) = СН;—ССІ,Н, (B) CH=CH (C) =СН,СНО] 


‚ A chloro derivative of (А) when reacted with zinc copper couple yields a hydrocarbon having 5 carbon 


atoms. When (А) is dissolved in ether and treated with metallic sodium 2, 2, 5, 5- 4 
obtained. Identify the compound (A) ыш ш tetra methyl hexane is 
[Hints : Zn/Cul 


Я ij > CHs—CICH,),—CH, 
CHy—C—CH,Cl ‘fi 


CH. 
1-Chloro:2, 2-dimethy| ег ci Fe 


propane 
- An alkyl halide X of formula CH, Cl on treatment with potassium tertiary butoxide gives two isomeric alkenes 


ae Z (C,Hi3). Both alkenes on hydrogenation give 2, 3-dimethyl butane. Predict the structures of X, Y 
and Z. ІМТ. '96] 


CH, CH; 

AnsX = 4, CHECK сн, CH, CH; 
CH; T CH, Ү = сн, ROR Z= cu Cre 
2-chloro-2, 3-dimethyl butane 2, 3-Dimethyl-2-butene 2 3-Di КЫ 


. An organic compound (А) CJH;CI on reacting with aqueous KOH gives (B) and on reaction with alcoholic 


KOH gives (C) which is also formed on passirig the vapours of (B) over heated copper. The compound (C) 
readily decolorises bromine water. Ozonolysis of (C) gives мо compounds (D) and (E). Com (D) reacts 
with NH;OH to give (F) and the compound (E) reacts with NaOH to give on alcohol (С) and a sodium salt 
(Н) of an acid. (D) can also be prepared from propyneon treatment with water in presence of Hg** and H,SO,. 


Identify (A) to (H) with proper reasoning. Roorkee '96] 
Ans. Н; Н; 
A>CH;—C—Cl B-CH;—C—OH с Qe» cach, D+ < ceo 
CHs сњ > 0 
E 2 HCHO Fo oe JC-NOH G4 CHOH Н ¬+ HCOONa 
3 


€ Objective type : 
Select the correct answer (5) of ће following questions. 
(i) Chlorine is least reactive in 


(a) vinyl chloride, (b) methyl chloride (c) ethyl chloride (d) allyl chloride. [Ans. (a)] 
(ii) Haloform test is responded by i 
(a) methanol, (b) ethanol, (c) propanone, (d) n-phenyl ethyl alcohol. [Ans. (b), (c), (d)] 


(iii) When CH;Brand C;H;Br are mixed together in equal proportions and then treated with sodium in etherial 
solution, the number of possible organic products (s) is 


(a) 1 (b) 2 (3. (d) 4. [Ап». (с)] 
(iv) 1-Chloro butane on reaction with alcoholic KOH gives—{a) 1-Butene, (b) 1 -Butanol (c) 2-Butene (d) 2- 
Butanol. [Ans. (a)] [L1.T. '91] 


(V) A sample of chloroform, before using it as an anaesthetic is tested by 


` (a) Fehling solution (b) silver nitrate soln, (c) ammoniacal Cu;Cl; soln. (d) AgNO; soln after boiling it with 


alcoholic KOH. [Ans. (с)] 

(vi) Carbylamine test is performed by heating a mixture of (a) alcoholic KOH, CHCl and Ag powder. 
(b) ale KOH, a primary amine and chloroform. (c) alc KOH, primary amine and alkyl halide. (d) alc KOH, 
alkyl cyanide and primary amine. [Ans. (Ь)] (АТ. '84] 

(vii) CCl, has no net dipole moment because of (a) its planer structure (b) its tetra hedral structure (с) same 
size of carbon and chlorine atom (d) similar electronegativity of carbon and chlorine. [Ans. (b)] 

(viii) Which of the following compounds does not give white ppt. of AgC] when boiled with alcoholic AgNO»? 
(a) methyl chloride (b) carbon tetra chloride (c) vinyl chloride (d) benzyl chloride. [Ans. (с)] 
(ix) The product (s) of reaction of tilcoholic silver nitrite on ethyl bromide are 

(a) ethane (b) ethene (c) nitro ethane (d) ethyl nitrite [Ans. (c) (d)] (ААТ. '91) 
(x) Which of the following statements is not common to both ethylene dichloride and ethylidene chloride 

(a) both of them are derivatives of ethane, 

(b) both of them react with aqueous KOH and give the same product, 

(c) both of them react with alcoholic KOH and give the same product, 

(d) both of them responed to Beilstein's test. [Ans. (b)] 
(xi) Butane nitrile may be prepared by heating - 

(a) Propyl alcohol with KCN (b) Butyl alcohol with KCN (с) Butyl chloride with KCN (d) propyl chloride with 
KCN. [Ans. (d)] (1.1.7. '92] 
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8.1. Alcohols. 


Alcohols are hydroxy derivatives of alkanes, which are produced, by the replacement of 
one or more H. atom(s) by hydroxyl group(s). The functional group of alcohols is hydroxyl 
group (-OH). 

ө Classification of alcohols : 


Alcohol 
Monohydric Dihydric Polyhydric 
(With one -OH group) (With two -ОН groups) (More than 2 -OH groups) 
[ T ] 
Primary (1°) Secondary (2°) Tertiary (3°) 
(-CH;OH) (>CHOH) (-C-Oh) 


(i) Monohydric Alcohols : Alcohols having one hydroxyl group are called monohydric 
alcohols e.g., ethyl alcohol [CH;CH;OH], methyl alcohol [CH3OH]. à 
(ii) Dihydric alcohols : Alcohols having two hydroxyl groups are called dihydric alcohols, 
e.g., ethylene glycol TRU 
OH OH 
(iii) Polyhydric alcohols : Alcohols having three or more hydroxy groups are known as 
Polyhydric alcohols e.g., glycerol H;C—CH—CH; 
OHOH OH 
Monohydric alcohols may be represented as R—OH, К = alkyl group. Monohydric alcohols 
are classified as (a) Primary (1°), (b) Secondary (2°) and (c) Tertiary (. 3°) depending upon the 
nature of the carbon atom to which the hydroxyl group (-OH) is attached. 
(a) Primary (1°) alcohols : Alcohols containing -CH;OH group are called primary 


alcohols e.g., 
7 | : : 
ir ed Usted аон Канон 
H H H H 
Primary carbon Methanol Ethanol Ргорапо! 


In primary or 1° alcohol, the C-atom of -CH;OH group is attached to one C-atom of the 
carbon chain. 1° alcohols are oxidised to give aldehydes. 


(b) Secondary or (2°) alcohols: Alcohols containing [-CHOH, ']group are called secondary 
or 2? alcohols e.g., / 


i T if 
ST сагс ен evan cad quas UH 
R CH; CH; 
Secondary C-atom oes 2-Butanol 


In secondary alcohol, the C-atom of [>CHOH] group is attached to two other C-atoms of 
the carbon chain. 2? alcohols are oxidised to give ketones. 
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(c) Tertiary or (3°) alcohols : Alcohols having -C-OH] group are called tertiary or 3? 
alcohols e.g., 


! Ф 
R—C—Un CH,—C—OH 
R CH; 
Tertiary C-atom Tertiary butyl alcohol 


Intertiary alcohol, the C-atomof [=C—OH] group is attached to three othercarbon atoms. 


ө Structure of alcohols : 

Inalcohols, the carbon and the oxygen atoms are in sp’ hybridised state. Out of the 4 hybrid 
orbitals of oxygen atom, two sp’ orbitals are completely filled. These two completely filled sp’ 
orbitals do not take part in the bond formation. The other 
two half filled sp’ orbitals of oxygen atom take part in the А 
sigma bond formation. Thus С—О bond in alcohol is sp! -sp? P 
formed by the overlapping of one half-filled зр? orbital of H.C = 
oxygen and one sp’ orbital of carbon atom of the alkyl 3 6 bond. NS) 
group. The bond between carbon atom of alkyl group and 10°} 0 
oxygen atom is sp^—sp sigma (о) bond. The other half с bond sp'-5 
filled sp? orbital of oxygen forms O bond with s orbital of 3 
hydrogen atom. Thus O—H bond in alcohol is sp'—s Fig, 8.1 
sigma (о) bond. The C—O—H bond angle in alcohol is 105° which is less than the normal 
tetrahedral angle (109°28'). This is because of the fact that the two unshared and completely 
filled sp? orbitals of oxygen atom repel each other causing the reduction of C—O—H bond 
angle (V.S.E.P.R. theory). 

8.2. General methods of preparation of alcohols. 

(1) By the hydrolysis of alkyl halides. 

(a) Alkyl halides on boiling with aqueous solution of caustic soda or caustic potash, 
undergo hydrolysis with the formation of alcohols. 


R—X + NaOH > ROH + NaX. [X=Cl, Br, I] 
Alkyl halide. "m Alcohol 
снсн,:Вг+ КЇОН — CH;CH;OH + KBr 
Ethyl bromide Ethanol 
CH,CH;CH;CH; Cl + NaOH — CH;CH;CH;CH;OH + NaCl 
1-Chloro butane 1-Butanol 


[N.B : When an alcoholic solution of NaOH or KOH is used instead of aqueous solution of NaOH or KOH, 
elimination reaction takes place instead of substitution and olkenes are produced.] 
` (b) Alkyl halides when reacted with a suspension of silver oxide in water, alcohols are 
produced. 
CH,CH;I + AgOH > CH,CH;OH + Agl 
Ethyl iodide Ethyl alcohol 
(2) By the hydrolysis of esters : Esters when hydrolysed either by heating with dil H»SO, 
or warming with concentrated solution of alkali, alcohols are formed. Alkaline hydrolysis of 
glycerides e.g., an ester of glycerol and higher fatty acids is called saponification. 
сњсоосн, gO CH;COOH + CHOH 
CH,COOC;H, —heOH , CH;COONa + СНОН 
Ethyl acetate boil Ethanol 
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СИ ООСЕ CHO 
cH OOCR + 3Na0H — —» RM + CH OH 
CHOOCR 2 CH,OH 
Triglyceride—fat or oil (Glycerol) 


when R = C,7Hj5 it is stearic acid. 
ө Mechanism of hydrolysis of ester : 
(i) Alkaline hydrolysis : x 
O О: o o 


|| I rah a | 
W AR — НОСОК ——> нос + RO; гооп, i-e КОН 


Mi exchange “** 
R R R R 
(ii) Acid hydrolysis : 
uxor Buy үсү 2 
R—C — ——R—C —— — —. R—C => R—C—OH ——>R—C—OH + КОН 


| | (Uo | T 
OR’ OR’ :ORH + OR | -H 
H [9] 
1 
R—C—OH 
(3) By the hydrolysis of ether : Ethers undergo hydrolysis with hot and dilute HSO; under 
pressure to produce alcohols. 


C)Hs--0—C;H, + H,0 S1HS&%, 5c gu. og 


ressure 
Diethyl ether ү Ethanol 


(4) By the hydration of alkenes : Alkenes on being passed through cold and conc. H,SO, 
yield alkyl hydrogen sulphate. The produced alkyl hydrogen sulphate on being treated with 
boiling water undergoes hydrolysis with the formation of alcohol. 


(ОСН, = CH, + H.HSO, — CH;CH;HSO, 
Ethylene Ethyl hydrogen sulphate 


(ii) CH;CH,HSO, + ЊО — CH;CH;OH + H,SO, 
Ethanol 


[Methanol can not be produced by this method. Excepting ethanol, other primary alcohols can not be 
prepared by this method.] d 


When an unsymmetrical alkene e.g., propene is reacted with cold and conc. H2SOx iso propyl hydrogen 
sulphate is produced according to Markownikoff's rule. Isopropyl hydrogen sulphate on hydrolysis yields 


2-propanol. 
d 8" r5. P 
(i) CH;—CH=CH, + H.HSO > EET TEA 
Propene HSO, H 
Isopropyl H. sulphate 
CHEE: + HOH) = See +HSO, ] 


HSO, OH 
2-Propanol 
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(5) By the action of primary amine with nitrous acid (NaNO, +dil. acid). Alcohol may also 
be prepared by the action of primary amine on nitrous acid (NaNO; + НСІ). 


CH,CH;NH; + HNO, 4 CH;CH,OH + № + ЊО 
Ethyl amine 
Amine 2 CH3CH; IN i Н, 
Nitrous acid > OH iN; О 
CH;CH;0H ¦ №; HO 

(6) By the catalytic reduction of carbonyl compounds (Aldehydes and Ketones) : 

(i) When aldehydes are reduced by nascent hydrogen, primary alcohols are produced. 
Reducing agents generally used for this reduction are lithium aluminium hydride (LiAlH,), 
Na/alcohol, Na/Hg, Sn or Zw/HCl, H gas in presence of nickel (Ni) or platinum (Pt) or 
palladium as catalyst. 

H 


2H | 
eo nud. muet OH 
H H 
Aldehyde 12alcohol 


cH; CHo—À n > CHsCH.OH 
Propanal Propanol 


(ii) Ketones are also similarly reduced by nascent hydrogen to produce secondary (2°) 
alcohols. 


CH; CH; 
Acetone Iso propyl alcohol or 2-Propanol 
2H 
CH;CH;COCHs ji car > CH;CH;CHCH, 
Ethyl methyl Ketone OH 
or, 2-Butanone 2-Butanol 


e Lithium aluminium hydride’ (LiAIH,). 
It is an important reducing agent which is widely used to reduce any compound having carbonyl group 
[ C= O] to their corresponding alcohols. Thus aldehydes, co! lic acids, acid chlorides etc., are reduced by 
LiAIH, to produce primary (1°) alcohols. Ketones аге reduced by LiAIH, to produce secondary (2°) alcohols. 
i) cacho A> снснон 
Acetaldehyde 1 Ethyl alcohol 


ш ccoa: —JA соон «Hd 


Acetyl chloride Ethan 


(iii) СНСООН a CH,CHOH ^ «HO 
Acelic acid xis Ethanol 


(i) | CH.COCHs i me 


gat Isopropyl alcohol 
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(7) By the reduction of ester : Esters are reduced by sodium and alcohol or by H in presence 
of copper catalyst, normally copper chromite to form alcohols. The reduction of an ester by 
Na/alcohol is known as Bouveault-Blanc reduction. 


' — No/Alcohol i 

RCOOR Neil,  RCH,OH + ROH 

CH;,COOCH, + 2H, Copper chromite 2CH,CH,OH 
Ethyl acetate 3 Ethanol 


(8) By the addition of Grignard reagents to aldehydes and ketones and subsequent 
hydrolysis of the addition products : Aldehydes or ketones form addition compounds with 
Grignard reagent which on hydrolysis with dilute acids give the corresponding alcohols. 


gut | | , 0H 
=ç = 0+ R ~ Mg - Xe -C—O - МЕХ - C—OH * Mg; 
R R X 
Aldehyde orketone Grignard reagent Addition product Alcohol 


(i) Primary alcohols are produced by the action of Grignard reagent on formaldehyde or 
ethylene oxide and subsequent hydrolysis of the addition product. 
Sun Де CH; D 
H—C =0 + CjH;MgBr— Big ОМАР: B. эү + ме“ 
{ X 
H H 
Formaldehyde Ethyl Mg bromide Propanol 
CH,—CH, + RMgCI S> RCH;CHOMgCI S> RCH,CH,OH + MgCl, 
NA if Alcohol 
Ethylene oxide 


(ii) Secondary alcohols are obtained by the action of Grignard reagent on aldehydes except 
formaldehyde. 


ge e 
CH;—Ç =0 + CHMgl > CH.—C—0Mgl a. CH,—C—OH + Me(OH)I 
H H H 
Ethanol 2-Propanol 2? alcohol 
(iii) Tertiary alcohols are obtained by the action of Grignard reagent on ketones. 
ЄН esed 
CHs—C = 0 + CH;MgBr > CHs—C—OMgBr- SF CH;—C—OH + Mg(OH)Br 
CH; CH CH 
Acelone Р t- Bul alcohol 


(9) Hydroboration reaction—Oxidation of alkenes : Diborane reacts with alkenes to 
produce tri alkyl boranes. Diborane combines with alkenes as BH; where B acts as the positive 
part and H acts as the negative part. 

3CH;—CH = CH; + BH; > (CH;CH,CH;);B 
Propene Tri propyl borane 

The tri alkyl borane thus produced on being reacted with an alkaline solution of hydrogen 
peroxide yields primary alcohol. 

(CH3CH,CH;);B + 3H,0, Noor” 3CH;CH;CH;OH + H;BO; 
Tri propyl borane 1-Propanol 
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(10) Oxo-process : By this process, an alkene is directly converted to aldehyde. The 
aldehyde thus produced is then reduced to form alcohol. An alkene is reacted with CO and Н; 
in presence of cobalt carbonyl hydride [Co(CO),H] at 125°C — 150°C under 200 atm. pressure 
to produce a mixture of aldehydes. The aldehydes are separated by fractional distillation which 
are then reduced by H is presence of Cu/Zn catalyst to get the corresponding alcohols. 


[CH;CH = CH] + 29, + 2CO->CH;CH;CH,CHO + Perd een. 


CH; 
Propene Butanal 2-Melhyl propanal 
(i) CH,CH,CH,CHO > CH,CH,CH,CH,OH 
Butanal 1-Butanol 
6) — CH.—cHCHO > CH,—CHCH.OH 
CH; CH, 
2-Methyl propanal 2-Methyl - 1- propanol 


(11) Fermentation of carbohydrates : Fermentation is the process of slow decomposition 
of complex organic compounds (carbohydrates) into simpler organic compounds under the 
influence of suitable micro-organisms which produce organic catalysts known as enzymes. 

Thus glucose solution is decomposed into ethyl alcohol and CO», under the influence of 
yeast at 30°C. which produces enzyme zymase. 


CHO; —®0930°© , 2C;H,OH + 2CO, 
Glucose pom Ethyl alcohol 


8.3. General properties of alcohols. 

[A] Physical properties : (i) The lower. alcohols are liquids but alcohols having more than 

12 carbon atoms are solids. (ii) They have characteristic alcoholic smell. They are colourless 

neutral substance. (iii) The lower alcohols are readily soluble in water but the solubility 
decreases with the increase of molecular weight. 

e Тһе lower alcohols though covalent compounds аге readily soluble in water but the solubility falls 
rapidly with the increase in molecular weight—explain why. 

The О-Н bond in alcohols is highly polar which arises due to the high electro-negativity difference between 
oxygen atom (3.5) and hydrogen atom (2.1). As a result oxygen atom of O-H group in alcohol carries а partial 
negative charge (5°) and hydrogen atom carries a partial positive charge (6*) . This polarity of the O-H bond in 
alcohols gives rise to forces of attraction between the partially negative oxygen of one alcohol molecule and 


molecules are known as hydrogen bond. As the мо О-Н groups in water molecules are also highly polar, the 
oxygen atom of the -OH group in alcohol can form hydrogen bonds with water molecules also. Thus when lower 
alcohols ёге added to water, numerous hydrogen bonds are formed between alcohol and water molecules which 
cause the alcohol molecules to go into the solution with water. The explains the higher solubility of lower alcohols 


in water. 


H-bond between alcohol and water molecule 
5& 6 S 8 К 5 8 5 
ips i Eu ү ы i 


In higher alcohols, with the increase of alkyl chain, the hydrocarbon character of the molecule increases i.e., 
the non-polar character of the alkyl group becomes more prominent. Hence, they have the less tendency to form 
H-bonds with water. Consequently their solubility in water decreases. But it should be remembered that the 
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tructure of the chain also plays an important role in the solubility of alcohols in water. Thus n-butyl alcohol is fairly 
oluble in water whereas t-butyl alcohol is soluble in water in all proportions. 


сн, 
CH,CH,CH,CH,OH њс—с—он 
CH, 
n-Butyl alcohol—fairly tButyl alcohol—readily 
soluble in water soluble in water 


(iv) Boiling points of.alcohols increase with the increase of the number of carbon atoms. 

Among the isomeric alcohols, the boiling point and melting point show the following trend. 
Primary alcohol > Secondary alcohol > Tertiary alcohol. 

This is because of the fact that the alkyl part in the secondary and tertiary alcohols out- 

weights the influence -OH group d. of branching. 


CH 
| | 
CH,CH,CH,CH,OH CH,CHCH,CH, ы OH 
CH, 
1-Butanol. b.p 118°C 2-Butanol. b.p 99°С 2-Methyl-2-propanol—b.p 82°C 
(primary) (secondary) (tertiary) 


e The boiling points of alcohols are much higher than those of the corresponding alkanes—explain why. 

This is due to the fact that, the O-H bond in alcohols is highly polar which arises due to high electro-negativity 
difference between oxygen atom (3.5) and hydrogen atom [od ). As a result, the oxygen atom of O-H group in 
alcohol carries a ndn ative charge (5°) and the hydrogen atom carries a partial positive charge (5*). Thus 
the polarity of the O-H bond in alcohols gives rise to REED ait аана between the partially negatively cen 
oxygen atom of one alcohol molecule and the partially positively charged hydrogen atom in another alcohol 
molecule. The force of attraction thus produced [з the two molecules are known as hydrogen bond. Thus 
numerous hydrogen bonds are produced among the alcohol molecules. Thus alcohol molecules get associated 
by hydrogen bonding. Consequently much heat energy is required to break the numerous H-bonds to bring the 
associated molecules in monomeric forms. As a result the b.p. of alcohols becomes higher. On the otherhand 
alkanes have no -OH group. So hydrogen bondings are not formed between the alkane molecules. As a result 
the b.p. of alkanes are low. 


[B] Chemical Properties : Hydrogán'hond 


Alcohols are reactive organic compounds. Polar or ionic reagents can easily attack them. 
The reactivity of alcohols is due to the fact that, (i) as the highly electro-negative oxygen atom 
|5* d is present in O—H group of alcohols, the C—O and O—H bonds 
—C ОА of alcohols become polar. As the oxygen atom present in alcohols 
] ee has two lone pairs of electrons, the oxygen atom in alcohols 
H become an electron rich centre in the alcohol molecule. This 
Polar bonds explains why alcohols can act as nucleophilic reagent. 

(1) Reactions involving the replacement of hydrogen atom of the -OH group : 
(i) Reaction with alkali metals : The hydrogen atom of the hydroxyl group (-OH) is 
replaced by a sodium or potassium atom to form alkoxides with the evolution of hydrogen gas. 


2ROH + 2Na ә 2RONa + Н, 
Alcohol ^. Alkoxide 
2CH,CH;OH + 2Na — 2CH;CH,ONa + Н, 
Ethanol Sod. ethoxide 


2СЊОН + 2Na э12СНОМа.. + H 
Methanol а E 
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° The reactions of alkali metals with alcohols exhibit the acidic character of alcohols—explain why. 

This is because of the fact that, the O—H bond in alcohol is polar due to the presence of highly electronegative 
oxygen atom. So the hydrogen atom of the -OH group of alcohol is released as proton (Ht). But alcohols are 
weaker acids than water, because the alkyl groups presentin alcohols have +! effect. The alkyl groups of alcohols 
repel electrons towards the electronegative oxygen atom, as a result the oxygen atom becomes negatively 
charged. Consequently the release of positively charged proton (H*) becomes more difficult. Thus the acidic 
character of alcohols decreases with the increase alkyl groups in alcohols. For this reason tertiary alcohols are 
less acidic than the secondary which in turn is less acidic than primary alcohol. As the tertiary alcohols contain 
z a groups attached to the C-atom containing the -OH group, the +! effect becomes maximum in tertiary 
alcohols. 


1 г 2 
CH —OH 
e apap озы gore uen 
H H CH, 
1? alcohol 2? alcohol 3° alcohol 


Increase of acidic nature 
[Alkoxides on being heated with alkyl halides produce ethers 
C,H,ONa + ICH, Ês C,H,OCH, + Nal] 
Methoxy ethane 


(ii) Reactions with Grignard reagent : Alkanes are produced when alcohols react with alkyl 
magnesium halides (Grignard reagent). The hydrogen atom of alcohol combines with the alkyl 
group of Grignard reagent to form alkanes. 


Alcohol Grignard reagent Methane 


2 


[o 
CH,CH,OH + С,Н,МеВг ——> CH, + ME? * 
т “Br 
Ethanol Ethane 


(iii) Acetylation : Alcohols react with acid halides or acid anhydrides to produce esters. 
In these reactions the H atoms of the OH group of alcohol is replaced by the acetyl group to 
form ester. 


CH, CO:CI > CH,COOR + HCl 


Ester 


CH,CH,OH + CH,COCI— ——- CH,COOCH, + HCI 
Ethanol Acetyl chloride Ethyl acetate 


1 
i——> CH,—C—OC,H, € CH,COOH 


H 


+ Ethanol Ethyl acetate Acetic acid 


о 
Acetic anhydride 

[The number of -OH groups present in an alcohol can be found out by acetylation reaction. The number 
of moles of HCI produced by the action of acetyl chloride on one mole of any alcohol gives the number of -OH 
group present in it.] 

Itis to be noted that primary and secondary alcohols undergo acetylation readily with the formation of esters, 
but tertiary alcohols on acetylation produce alkyl halides. The tertiary alcohol reacts with acetyl chloride to form 
ester and НСІ. But in the next step, the produced ester and HCI react with each other with the formation of alkyl 
chloride. 
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Нз Нз Hs 
(i) Chf —OH + CH,COCI =н. сн,—С—ООССН; + НО —> CHa + СНСООН 
[ САДЕ САА 
CHa CHa CHa cetic aci 
tButyl alcohol Acetyl chloride +Butyl acetate 2-Chloro-2-methyl 
propane 


Consequently, to obtain ester by the acetylation of a tertiary alcohol, the reaction is to be carried out in 
presence of pyridine or dimethyl aniline when the produced hydrochloric acid is neutralised by pyridine or 
dimethyl aniline, 


€ Mechanism of acetylation reaction: 


с9 Ё $ ў 

1 7 De 11 | 

CH e OR — CH Gg Q7 R9 CH an СЫС Ов + HE 
а н ан CI 

Acetylchloride Alcohol E 


(2) Reactions involving replacement of the —OH group : 


(i) Zzaction with carboxylic acids : Alcohols react with carboxylic acids to produce esters. 
The reaction is reversible and so it is carried out in presence of dehydrating agent like conc. 
H5SO, to eliminate the produced HO. Thus in presence of conc. Н50,, ethanol reacts with 
glacial acetic acid to produce ethyl acetate. 


RCOOH + HOR, ene НБО; p RCOOR, «HO 
Acid Alcohol Ester 


CH;COOH + HOCH, 9-59: > CH,COOC;H; + H:O 
Acetic acid ^ Ethanol Ethyl acetate 


(ii) Reaction with halogen acids : Alcohols react with halogen acids to give alkyl halides. 
The order of reactivity of hydrogen halides is HI > HBr > НСІ. 


НСІ reacts with alcohol in presence of anhydrous ZnCl; which acts as catalyst. 


ROH + HX ————> RX+H,0 [X=CI,Br, I] 


CH,CH,[OH + H; 1> CH;CHII + ЊО 


Ethanol Ethyl iodide 


CH,CH,CH;OH + HCI €, СНСН,СН,СІ + НО 
1-Propanol 1-Chloro propane 
The order of reaction of different classes of alcohols with hydrogen halides is — 
Tertiary alcohol > Secondary alcohol > Primary alcohol 
It is to be noted that, with conc. HI. in presence of red phosphorus, alcohols are reduced 
to give alkanes. 


CHsOH + 2Н1- К? С.Н, +1) + HO 


Ethanol Ethane 


(iii) Reaction with halogens : Halogens (Cl, Br, I) do not react with alcohols directly. 
In order to replace the— OH group of alcohol by Cl, or Br; or h, the halogens are at first reacted 
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with red phosphorous to produce phosphorus tri halides which in turn react with alcohols to 
produce alkyl halides. 


2Р +3Х, > 2PX; 


3R—OH «PX; ә 3RX + HPO; 
Alcohol Alkyl halide 
3CH;CH;OH + PI; —  3CH;CHj +H;PO; 
Ethanol Ethyl iodide 


(iv) Reaction with phosphorus pentahalides : Alcohols react with phosphorus penta 
halides (PXs) to form alkyl halides. The -OH group of alcohol is replaced by halogen atoms 
to produce the corresponding alkyl halides. 

ROH + PCl; 4 RCI + POCI, + НСІ 
CH;CH;OH + РС — CH;CH;Cl + POCI; + НСІ 

[This reaction proves the presence of -OH group in an alcohol. The number of -OH groups present in an 
alcohol can also be found out by this reaction. The number of moles of HCl produced by the action of PCI; on one 
mole of any alcohol gives the number of -OH group present in it.) 

(v) Reaction with thionyl chloride (SOCI) : Alcohols react with thionyl chloride to form 
alkyl chlorides. 

ROH + SOCI, ——~> RCI + SO; + НСІ 
CH;CH,OH + SOCI; ——» CH;CH,Cl + SO, + НСІ 
Ethanol Thionyl chloride Ethyl chloride 

(3) Reactions involving both the alkyl and hydroxyl groups : 

(i) Reaction with ammonia : When the vapours of alcohol and ammonia are passed over 
heated alumina at 400°С, a mixture of primary, secondary, tertiary amines and tetra alkyl 
ammonium salt is obtained. 

ROH +» RNH, >, R,NH OH, RN H> (RIN)'OH- 
ALO; АО; ALO; Tetra ЕП amm- 
Alcohol 1°amine 2°amine 3°amine onium hydroxide 

(ii) Dehydrations of alcohols : Dehydration of all types of alcohols produces alkenes. 

Dehydration of alcohol is carried out— 

(a) by heating an alcohol with conc. HSO, at 170°C; 

(b) by heating alcohol with phosphoric acid at 200°C-250°C; 

(c) by passing alcohol vapour over heated alumina (Al;0;) at 350°С-400°С. 


(A) Dehydration of primary alcohols : 
(а) By сопс. H$0,: — CH,CH; [OH X HESO, > CH.CH,HSO, 3795 CH=CH, 


Ethanol Ethyl Н. sulphate Ethylene 
(b) By phosphoric acid : CHyCH;OH + НРО, —2°C250°C „ H,C=CH; + HO 
Ethanol Ethylene 
(c) By alumina : CH;CH,OH f> ЊС= CH, + HO 
Ethanol vapour Ethylene 


(B) Dehydration of secondary alcohols (2°): Secondary alcohols are dehydrated according 
to Saytzeff rule. According to this rule, the more substituted alkene will be the major product. 


CH;CH;CHCH; Sone DOE CH,CH = CHCH, + CH;CH;CH = CH; 
2-Butanol rer 2-Butene (major product) 1-Butene 
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(C) Dehydration. of tertiary alcohols (3°) : 
Ou 
Conc Н,50,170°С = 
СН; aE or AHO; at 350% сн;—С = CH, + НО 


CH; CH; 
2-Methyl-2-propanol 2-Methyl-1-propene 


€ Mechanism of dehydration of ethanol is shown below : 
EUM eh TE 
(i) CH4—CH;—O—H + H's CH,—CH; OH. m CH,—CH, + H,O 


H "ҮТ 
| Ethyl carbonium ion 
ВРЕ Protonated alcohol Tes ES 


je je 
(i) Hg —>н—С-с-н + н 
H 


Ethyl carboniumion 
Conc. HSO; acts both as a dehydrating agent and a catalyst 
The ease of dehydration of alcohols is in the order, Tertiary (3°) > Secondary (2°) > Primary (1°). 


€ Dehydration of alcohols to form ethers : The product of dehydration of ethanol becomes ether when excess 
of ethanol is heated with conc. H2SO, at 140°C. In this reaction two molecules of ethanol are involved. 


Sene SOL, сн, 0-с + HO 
Diethyl ether 
Diethyl ether can alsobe produced when excess of ethanol vapours are passed over heated alumina at 200°C. 
2C,HOH EM CH;-O—GH; + HO 
Vapour Diethyl ether 


@ Reaction with hot metallic copper—Dehydrogenation of alcohols : 
When vapours of alcohols are passed over heated copper gauze at 300°C, different classes of alcohols give 
different products. Thus, З 
(i) Primary alcohols give aldehydes with the дубе of H; 
CHsCH:OH ogg > HCHO + He 
Ethanol Acetaldehyde 


(ii) Secondary alcohols give ketones with the evolution of H2. 


H 
| 
CHs—CH-CH =o CHI COH, “ai 
2-Propanol Acetone 


(iii) Tertiary alcohols are not dehydrogenated, but produce alkenes with the loss of one molecule of water. 
This is an example of dehydration. 


С 
сн;—с—Он Кайы: =CH, + HO 
CHa CH; 
tButyl alcohol 2-Methyl propene 


(4) Oxidation of alcohols : The oxidation product of alcohol depends upon the type of 
alcohol and the conditions of the reaction. The oxidising agents usually used in this reaction 
are K>Cr;07/ conc. H;SO, or KMnO,/ conc. H504, 
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(i) Primary alcohols are oxidised to form aldehydes and the produced aldehydes on further 
oxidation give acids. The acids contain the same number of C atoms as that of parent alcohol. 


CH,CHOH — OL сњсно l_> CHCOOH 
: КСО; 3 à 
Ethyl alcohol HO, RO Acetaldehyde кснОу/н5о; Acetic acid 
کے‎ (0) ЕЕ а О. 
CH;CH;CH;0H ^ cco,/H;S0, CH;CH;CHO &CrO;/H;S0, CH;CH;COOH 
1-Propanol Propanal Propanoic acid 


(ii) Secondary alcohols are oxidised to give ketones which undergo further oxidation under 
drastic condition to give a mixture of acids having lesser number of carbon atoms. 


OH н 
| [ 
7 “io [О] _ 
CH;,—CH—CH; KOISO CH;—C—CH; МЕС ОУН CH;COOH + HCOOH 
Isopropyl alcohol Acetone Acetic acid Formic acid 
(2-Propanol) 
the ү 
dius {9} 
CH;CH;CHCH, | kno, CH;CH;C—CH; MnO CH;CH;COOH + HCOOH 
2-Butanol 2-Butanone Propanoic acid Мећапоіс 
No. of C=4 No. of C atom = 4 No. of C atom = 3 acid 


(iii) Tertiary alcohols are generally resistant to oxidation under normal condition but under 
drastic condition, give ketones and acids each having lesser number of carbon atoms than the 


parent alcohol. 
сњ 
CH,—C—OH — 10] __„ No reaction under normal condition. 
| 


КМпО,/Н* 
CH; 
н, | 
сн,—с—Оон—ф бу” сн,сосн, ®> CHCOOH 
CH; 


e How to distinguish between primary, secondary and tertiary alcohols : 

(1) Lucas test: Lucas reagent is a mixture of conc. HCl and anhydrous zinc chloride. Alcohols react with 
this reagent to form alkyl chloride. 
- ROH + Hcl Zh, RCI + ЊО 


The three types of alcohols react with this reagent at different rates. 

alcohols react with lucas reagent very rapidly. 

Secondary (2°) alcohols react within about five minutes. 

A primary alcohol does not react with this reagent at room temperature. 

Since alkyl halides are insoluble, the formation of alkyl halides is indicated by the formation of turbidity or 
cloudy appearance in the reaction mixture. 

Lucas test is performed as follows— 

The alcohol to be tested is mixed with conc. HCl and anhydrous ZnCl at room temperature. Now, ifa turbidity 
appears immediately, the alcohol is tertiary alcohol. If the turbidity appears after few minutes it indicates that the 
alcohol is secondary. If turbidity does not appear, the alcohol is primary—the solution remains clear. This is 
because, primary alcohols do not react with lucas reagent at room temperature. 
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(2) Catalytic dehydrogenation of alcohols : When vapours of alcohols are passed over heated copper gauze 
at 300°C different classes of alcohols give different products. Thus dehydrogenation reaction can be used to 
distinguish between primary, secondary and tertiary alcohols. 

(i) The primary alcohols on dehydrogenation yield aldehydes. 

(ii) The secondary alcohols form ketones. 

(iii) The tertiary alcohols give alkenes. 

CHCHOH E, cuo +H 
Primary alcohol Cy Aldehyde 


chech E, ot He 
H 


Secondary alcohol Ketone 


Hs i Nu 
сн—6-он E, cH C= CH + HO 


H 
Tertiary alcohol Alkene 


(3) Dichromate test : Different types of alcohols produces different products on oxidation. In this test, the 
alcohol to be tested is treated with patassium dichromate in conc. H25O at room temperature. The products thus 
obtained will give us the information about the type of alcohol. 

(i) Primary alcohol on oxidation will give a carboxylic acid having the same number of carbon atom 
as that of the parent alcohol. The orange colour of the solution turns green. 

(ii) Secondary alcohol on oxidation will give a ketone having the same number of carbon atoms as that 
of the parent alcohol. In this case also the colour of the solution turns green from orange. 

(iii) Tertiary alcohol will not react with the oxidising agent at room temperature and as a result the orange 
colour of the solution will not change. 


О О 
Aon o KCrO; / PS0; CH3CHO CH3COOH 


Primary ale Aldehyde Acid (C-atom = 2) 
(C-atom = 2) 
(9) 
CHs—H—CHy cote HO, CHi Ch 
OH о 
Secondary alcohol Ketone 
Нз 
СНу- ү СОН; No reaction at room temperature 
Tertiary alcohol 


(4) Victor Meyer test: This test is based on the fact that primary, secondary and tertiary nitro alkanes behave 
differently with nitrous acid. 
In this test (i) the alcohol to be tested is treated with conc. HI and red phosphorus when the corresponding 
alkyl iodide is produced. 
Bugs alkyl iodide is then reacted with silver nitrite (AgNO:) when the corresponding nitro alkane is 
produced. 


) ET nitro alkane thus produced is then treated with nitrous acid (NaNO; + НСІ) followed by the addition 
ol n 


Different types of alcohols will give different colours upon such treatment by which the alcohol to be tested 
can be identified. 
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(a) The primary alcohol will produce a blood red colour. 
Red d ok м-он 
сњењон элш T Ps cph Ae > сн,сїндчо, EMO" > CHICNO; 
кт 1 


Pr. alcohol Ethyl iodide Nitro ethane NOH 
Nitrolic acid 
NaOH 


ат: 
І 


NONa 
Sod. salt of nitrolic acid. 
(Red colour] 


^ uro e D Ek UP 
r1 3 


(b) сн mi Quat CH,—CHIE— -—  CH;-CHNO; —NO; 
N=0 
Pseudo nitron 
[ror 
No reaction 
(Blue colour] 
Hs P Ret nd Hs HNO, 
(c) СНОН — 4, > CHG | ABO > CH, C —NO.— > Мо reaction 
(Colourless) 
сн, CH, сн, 
EXE o 
Alkyl KOH/AgOH Ester 
Halide Hydrolysis Hydrolysis RCOOR 
لکل ج و‎ 
EES E A) 
Prima 
pir Minos Redes ee Ether 
R—NH High Pressure R—O—R 
AZ 2; 
—— ais Өз o3 P. np س‎ 
Reduction of 
aldehyde IH) CHaMg/ HO Methanal 
R—CHO Na/alcohol Grignard reagent HCHO 
(Seow з bined lootel 
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ө Reactions of alcohol © 
шү RONa 
Alkoxide 
Acid chloride CH,COOR 
CH,COCI Ester 
CH,COOR + 
me CH.COOH 
S ester + acid 
1./РСІ 
iia R-CI 
Alkyl chloride 
ар! RX (X—CI, Br, I) 
Red P. Alkyl halide 


| CHCOOH, сн.соов 


Conc. Н;$О, Ester 


EN R—X 
Alkyl halide 
Conc. HI 
КЕ ы жшт н 
Red P Alkane 
Grignard Re вн 
Ма! Alkane 
KcrOv/ SO. ‚ р CHOSJRCOOH 
Aldehyde Аса 
RCHO 3 RCOOH 
Aldehyde Acid 


Alkene 
R—O—R 
Ether 


Alkene 
€ METHYL ALCOHOL OR METHANOL (CH,OH) @ 
Methyl alcohol is known as wood spirit. 
8.4. Preparation of methyl alcohol. 
(1) By the destructive distillation of wood : 


Dry wood is heated to 350°C in closed iron retorts in absence of air (destructive distillation) 
for about 4 hours. Different products are obtained by the destructive distillation of wood which 


are given below. 
(a) Volatile products : (i) Wood gas- a mixture of lower alkanes, H, CO, CO, etc. 


(ii) Wood Tar : The volatile liquids when condensed, a thick black liquid which forms the 
lower layer and thus separates from the aqueous layer which forms the upper layer. This thick 


black liquid is wood tar. 
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(iii) Pyroligneous acid : The aqueous layer which collects above the wood tar is called 
pyroligneous acid. 

(b) Non volatile product : This is obtained asa solid residue whichis left in the iron retorts. 
This residue is charcoal which consists of carbon. 

© Separation of methyl alcohol from pyroligneous acid : In addition to water, pyroligne- 
ous acid contains 5% methanol, about 10% acetic acid and 0.5% acetone. Methyl alcohol is 
separated from acetic acid and acetone in the following steps— 

(i) Removal of acetic acid : Pyroligneous acid is taken in a copper vessel and heated. The 
vapours are passed through hot milk of lime [Ca(OH),], when calcium hydroxide reacts with 
acetic acid to form calcium acetate which is non volatile. As a result, vapours of methyl alcohol 
and acetone pass out and are condensed. 

(ii) Removal of acetone : The mixture of methanol and acetone thus obtained is subjected 
to fractional distillation. The boiling points of methanol and acetone are 64.5°C and 56°C 
respectively. Thus more volatile acetone is removed from methanol. 

(iii) Purification of methanol : Methyl alcohol thus obtained is not pure. It contains little 
acetone and water. To remove these impurities. it is treated with anhydrous CaCl, when methyl 
alcohol forms crystals of solid derivative CaCl,, 4CH,OH. The crystals are separated from the 
residual acetone. Pure methyl alcohol is recovered from these ciystals by distillation. 


350°C — 3 c боп of Pyroligneous acid 
Wood Destructive 1) Pyroligneous aci merges > contains 
distillation 2) Wood gas is 1) Methanol (2-5)% 
3) Wood Tar 2) Acetic acid 10% 
3) Acetone 0,5% 
CH,COOH Vopours of 
is removed | pyroligneous 
as (CH,COO),Ca | осі is passed 


over Ca (ОН), 


Crystals of 
Crystols CaCl, 

esee] 4CH,OH 

and distilled | + Acetone 


Pure 
Methanol 
CH,CH 


à and water 

(2) Preparation of methyl alcohol from water gas : 

At present most of methanol is manufactured by this synthetic process. 

(i) Water gas (equal volume of COand Hj) is produced by passing steam over red hot coke. 

ј с « Ho 149€, со+н, 

Red hot steam water gas 

(ii) Water gas thus produced is passed through purifying chamber where H,O is removed. 
The purified water gas is then mixed with half its volume of H, and the mixture is compressed 
to 200-250 atmosphere pressure. The compressed gas mixture is then passed over zinc oxide- 
chromium oxide catalyst at 400°C, when methanol is produced. 

(CO+H,) + H,=CH,OH + Heat 

(iii) Atthe beginning of the reaction, the catalyst is heated but аз the reaction is exothermic, 
once the reaction starts application of external heat is stopped. 

(iv) Purification : The methanol vapour thus produced is contaminated with CO and H, 
The vapours of methanol is passed through a condenser where the methanol vapours get 
condensed and deposited in areceiver. The unreacted CO and H, gas mixture is circulated again. 
Pure methanol is obtained by this process. 
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(3) From natural gas—by the catalytic oxídation of methane : 
Natural gas contains a good amount of methane. At present methanol is also produced from 
the natural gas. A mixture of nine volume of methane and one volume of oxygen is passed 


Purifying Pressure 200 Aim 
chamber 


Water gas production 


Steam 


Fig 8.2 : Preparation of methanol from water gas. 
through a heated copper tube at 200°C under a pressure of 100 atm, when methane is oxidised 
to produce methanol. Cu tube acts as a catalyst. 


Cu 
2CH, + O, 00%, 100 am ^ 2CH,OH 


(4) Methyl alcohol may be prepared by any of the following methods : 
(a) By the hydrolysis of methyl halide with aqueous solution of caustic soda or caustic potash. 
CH,Cl + NaOH 4 CH,OH + NaCl 
Methyl chloride Methanol 
(b) By the hydrolysis of methyl acetate (ester) : 
CH,COOCH, + NaOH — CH,COONa + CH,OH 
Methyl acetate Methanol 
(c) By the action of methyl amine with nitrous acid. 
СН,МН, + OHNO э CH,OH + N, + НО 
Methyl amine Methanol 
(d) By the catalytic reduction of formaldehyde. 
HCHO — 281. CHOH 
Formaldehyde “ Methanol 
8.5. Properties of methanol. 

. , [A] Physical : Methyl alcohol is a colourless sweet smelling liquid which boils at 64.5?C. 
Itis soluble in water. The Н atom of the -OH group of methanol can form hydrogen bond with 
the strong electro-negative oxygen atom of water, and thus by the formation of hydrogen bond 
with water molecules methanol goes into the solution with water. 


H СН 
Methanol Water 
Hydrogen bond 


It is poisonous and when taken internally it causes blindness and even death. lt is 
inflammable and forms explosive mixture with air or O, 
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[B] Chemical : 
1- With alkali metals : Methyl alcohol reacts with Na or K to form methoxide with the 
evolution of hydrogen. 
2CH;OH + 2Na — — —2CH;ONa + Н, 
Sod. methoxide 
Sodium methoxide on being heated with alkyl halides yields ether. 
СН;ОМа + ICH, ———>CH,OCH; + Nal 
Sod. тећохіде Di methyl ether 
2. Acetylation : Methanol reacts with acid chlorides or acid anhydrides to produce esters. 
CH;OH + CIOCCH, > CH;COOCH; + НСІ 
Methanol Acetyl chloride ^ Methyl acetate 
3. With carboxylic acids : Methyl alcohol reacts with glacial acetic acid in presence of conc. 
H,SO, to produce methyl acetate. irse 
CH,COOH + HOCH, Z4 > ‘CH,;COOCH; + НО 
Acetic acid ^^ Methanol Methyl acetate 
4. With halogen acids : Methyl alcohol reacts with HBr and HI to give methyl bromide and 


methyl iodide respectively. With HCl, it reacts in presence of anhydrous ZnCl; to produce 
methyl chloride. . 


CH,OH + НСІ EM CHsCI + HO; САОН + НВг —>CH;Br + H,O 
jl chloride Methyl bromide 
CH4OH + HI 2 СН] + H,O 
Methyl iodi 


5. With ammonia : When a mixture of the vapours of methanol and ammonia is passed over 
heated alumina (Al,O;) at 300°C, yields methyl amine. 


CH,OH + HNH; 0. CH;NH + HO 


Methyl amine 
6. Halogenation : А 


(а) Phosphorus trihalides react with methanol to produce methyl halides. 
3CH;OH + PCI; > ЗСН;СІ  H;PO; 
3CH,OH + РВг, > 3CHsBr + HPO; 
(b) Phosphorus penta chloride reacts with methanol to give methyl chloride. 
CH,OH + PCI; ә CHCl + POCI, + НСІ 
Methanol Methyl chloride 
(c) Thionyl chloride reacts with methyl alcohol to form methyl chloride. 
CH,OH + SOCI, + CHCl + SO, + HCl 
7. Dehydration of methanol : 
(a) Methanol reacts with conc. H,SO, at 100°C at first to produce methyl hydrogen sulphate 
which then reacts to form dimethyl sulphate. " 
O CH,OH + Н.НЅО, E+ CHHSO, > + ЊО 
Methyl H sulphate 
(ii) 2CH;HSO, — (СН;),50, + H,SO, 
Dimethyl sulphate А 
(b) When excess of methanol is heated with conc, Н,50, at 140°C, dimethyl ether is 
produced. 
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8. With methyl magnesium halide (Grignard reagent) : Methanol reacts with methyl 
magnesium chloride to produce methane. : 
CHO; 


К 


9. Oxidation of methanol. (a) Vapours of methanol when passed over heated copper gauze 
at 300°С yield formaldehyde with the evolution of hydrogen. 
Cu 
СНОН ===» HCHO + Н 
E 300€ Formaldehyde д 
(b) When a mixture of methanol vapour and air is passed over heated platinum gauze, 
methanol is oxidised to give formaldehyde. 
2CH,OH + Ox(air) —"—» 2HCHO +2H,0 
(c) Methanolis oxidised by potassium dichromate and conc. H,SO,to produce formaldehyde 
which on further oxidation gives formic acid. 


О; [О] 
CH,OH KiGri0,/H,50, HCHO TKCROJHSO, СОНО; HCOOH 
Methanol Formaldehyde Formic acid 


10. Reduction of methanol : In presence of red phosphorus, methanol is reduced by conc. НІ 

to give methane. 
CH,OH « 2HI SP , CH, +1,+H,0 

11. On being heated with sodalime, methanol yields sodium formate with the evolution of 

Hp. 
CH;OH + NaOH —©°©-›> HCOONa + 2H, 

ө Tests for the identification of methyl alcohol. 
(i) A little salicylic acid and methanol are taken in a test tube and few drops of conc.H,SO, 
are added to it and the mixture is warmed when methyl salicylate is formed having the smell 
of iodex (oil of winter green). This is the most confirmatory test of methanol. 


(@ +cHon 2. (CI + HO 
COOH Е COOCH, ^" 


Salicylic acid Methanol Methyl salicylate 
(ii) When a mixture of methanol, K,Cr,0; and conc. H,SO, is distilled, formic acid is 
obtained as distillate. When ammoniacal AgNO, solution is added to this produced formic acid, 
a precipitate of metallic silver is obtained. 


Којо hn 10] 
е ————- 
СЊОН столно; ^. HCHO соно, соо 
NH, 


HCOOH + AgNO, ——— 73 — , Ag 1 + H,0 + CO, 

(iii) Methanol does not respond to iodoform reaction—difference from ethanol, acetaldehyde 
and acetone. 

(iv) On lowering a red hot Cu spiral in methanol taken in a test tube a pungent smell of 
formaldehyde is obtained. Cu-spiral becomes red hot due to exothermic reaction. 

© Uses of methanol : 

Methanol is used— 

(i) as a solvent for paints and varnishes; 

(ii) for denaturing alcohol rendering it unfit for drinking purpose; 

(iii) in the manufacture of dyes, drugs and formaldehyde; 

(iv) as an antifreezing agent in automobile radiators. 

(v) as a motor fuel with gasoline. 
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M 
Methyl halide = Pyroligneous 
z pone ge est tonadii 9 
CH,—cl acid 
H 
Y 
L 
Methyl formate 
я Hydrolysis HCOOCH; 
с 
о 
н Dimethyl ether 
о High pressure CH;—0—CH; 
L Hydrolysis 


€ Reactions of methanol ө 


Na/K CHjONa 


Sod. Melhoxide 
CHOC, cH,COOCH, 
Methyl acetate 


(CH;CO),O 


CH,COOCH; 
Methyl acetate 
+ CH,COOH 


PCl,/PCl; 


CHCl 
Methyl chloride 


CHX 
Methyl halide 


CHX [X = Cl, Br, I] 
CH;COOCH. 
Сопс.Н;5О, Methyl e 
HI/Red Р 
CH, 
Methane 
inp [О] [О] 
P == Fils rom — оо 
Formal ormic 
dehyde acid 


sul 


Lf oor | HISO, cns, SHON, c -o- c 
cid Dimethyl ether 
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© ETHYL ALCOHOL or ETHANOL [C;H,OH] e 
Methyl Carbinol 

Ethyl alcohol is the most important member of alcohol series. It is also known as spirit of 
wine or grain alcohol. 

8.6. Preparation of ethyl alcohol or ethanol. 

1. Fermentation : Ethanol from glucose : 

Fermentation is the process of slow decomposition of complex organic compounds (e.g., 
carbohydrates) into simpler organic compounds under the influence of suitable micro organisms 
(€.8., yeast) which produce organic catalyst known as enzymes. 

The living micro organisms, under suitable environments produce nitrogenous complexes 
called enzymes. Fermentation reactions are accompanied by the evolution of gases like CO, and 
are exothermic. 

When yeast (a single cell plant) is added to an aqueous solution of glucose and the 
temperature is kept at 30°C—35°C, after a short time it is observed that the glucose solution 
begins to froth and looks as if it is boiling. It is due to the evolution of CO, during the reaction. 
Glucose solution is decomposed into ethyl alcohol and CO, under the influence of yeast which 
produces enzyme zymase. 


CHO, — ©©© , CHOH + 2C0, Т 
Glucose YS Ethanol 
Thus, the conversion of sugar into ethyl alcohol under the influence of yeast is known as 
alcoholic fermentation. 


2. Manufacture of ethanol from molasses : 

Molasses is the mother liquor left after the crystallisation of concentrated sugar solution. 
It is dark coloured syrupy mass. It contains 30% sucrose and 32% invert sugar i.e., a mixture 
of glucose and sucrose. Molasses is converted into ethanol by the following steps : 

(i) Dilution : Molasses is diluted with water so that the concentration of: sugar in the solution 
becomes 8-10 percent. 

(ii) Addition of sulphuric acid : The solution of molasses thus obtained is acidified by 
adding little sulphuric acid which retards the growth of harmful bacteria. Acidity of the 
solution is also favourable for the growth of yeast. 

(iii) Addition of ammonium sulphate : Ammonium sulphate or phosphate is added to the 
solution which serves as a nutritive substance to act as food for the yeast. 


Yeast 30°С 
CHO + HO Enzyme invertase > СеН206 + СНО, 


Sucrose Glucose Fructose 


Yeast 30°С 
С,Н 0; Enzyme zymase 2C,H;OH + 2C0, T 
Glucose or Ethyl alcohol 
Fructose 
During this process the whole liquid begins to froth and looks as if it is boiling, due to the 
brisk evolution of CO». The fermentation is completed in 3 days. The fermented liquid is called 


vash which contains 8-12% ethyl alcohol, the rest being water and other impurities. 
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(v) Fractional distillation of wash : The wash is subjected to fractional distillation in a 
special continuous still called coffey still. It consists of two fractionating columns which are 
known as analyser and rectifier. Both the columns are provided with perforated plates. 

Steam is passed into the analyser which passes up and takes away alcohol vapours from the 
hot wash which enters the analyser from the top. The alcohol vapour and steam pass out from 


Steam + Alcohol vapour 
E 


Wash is heated by upgoing hot 
Spent liquor vapours of alcohol + steam 


Fig. 8.3 
the analyser and enters the rectifier at its base. Here the alcohol vapours and steam heat the wash 
flowing through the pipe while going to the analyser. Most of the steam gets condensed and 
alcohol vapours escape and are condensed while passing through a condenser. The distillate 
thus obtained contains 90% alcohol. 

(vi) Rectification : Alcohol thus obtained contains low boiling impurities like acetaldehyde 
and high boiling impurities like fusel oil containing amyl alcohol, propyl and isobutyl alcohol 
in addition to water. On careful fractional distillation of this alcohol, low boiling impurities are 
first distilled over and are removed. The middle fraction of the distillate is collected which is 
95% alcohol and is known as rectified spirit. 

(vit) Preparation of absolute alcohol from rectified spirit : Rectified spirit contains 95% 
alcohol and rest water. Since a mixture of 95.6% alcohol and water forms a constant boiling 
mixture or azeotropic mixture (b.p. 78.15°C), alcohol completely free from water i.e., absolute 
alcohol can not be prepared by the fractional distillation of rectified spirit. 

(a) In order to remove the last traces of water, the rectified spirit is treated with quick lime 
and the mixture is kept for 1 or 2 days when major portion of water is absorbed by lime. It is 
then distilled when (99.5-99.7)% ethanol is obtained as distillate. The alcohol thus obtained is 
treated with metallic Ca or Mg and distilled when 100% ethanol is obtained as distillate. This 
is called absolute alcohol. 

(b) Rectified spirit is mixed with calculated amount of benzene and the mixture is distilled. 
This method is called azeotropic distillation. 

The first fraction is a constant boiling mixture (b.p. 64.9°C) which contains water, ethanol 
and benzene. This fraction is called ternary mixture. After all the water being removed, the 
second fraction distills at 68.25°С. This contains 67.6% benzene and 32.4% alcohol. Thus, 
when all the benzene is removed the last fraction distills at 78.3°C. This distillate is absolute 
alcohol. 

e Azeotropic distillation and azeotropic mixture : 

This is a type of distillation in which a substance is added to the mixture in order to form an azeotropic mixture. 
The azeotrope(s) thus formed will boil at different temperatures than the original mixture. The azeotropic mixture 
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or simply azeotropes is a liquid mixture of two or more liquids which boil at a fixed temperature and behaves like 
a single substance so that the vapour produced by partial evaporation of the liquid has the same composition as 
the liquid. 
€ To test the presence of water in ethanol : 
Traces of water if present in alcohol, can be detected by adding anhydrous white CuSO, to 
it, Ifthe white CuSO, turns blue (CuSO,, 59,0) it confirms the presence ofwaterin that alcohol. 


Dilute solution 


of molasses : Glucose | Yeast 30°C WASH | Fractional dist, 
(8-10)% sucrose > ~~~, + ———————>»| containing 5 still 
+ little H,SO, Fructose | Oe 18-12% glcoho]| !псопеу 
+ (NH,),SO, 
Metallic Ca | Distillate | СаО is added | 95% Ethanol 
eee | Toate “Distilled offer or 
Ethanol lor2days | Rectified spirit 


(3) Preparation of ethanol from starch : 


Raw materials : The starchy materials used are potatoes, rice, wheat, barly etc. The 
manufacture of ethanol from starch is carried out by the following steps : 

(i) Collection of starch from starchy materials : Potatoes are crushed and the crushed 
potatoes are heated by super heated steam at 140°C-150°C under pressure. By this process the 
cell walls of the starchy material are broken and the starch from the cells comes out and goes 
into the solution. This solution containing starch is called mash. 


(ii) Hydrolysis of starch to produce maltose : Malted barly is then added to the produced 


mash and the temperature is maintained to 50°C-60°C. Enzyme diastase present in the malt 
converts the starch to maltose within half an hour. 


2(CsHر005)n‎ + пН,О 30-606. пС„Н»О!\! 
iastase 
Starch Maltose 


(iii) Fermentation of maltose to produce ethanol : Yeast is now added to the maltose solution 


when enzyme maltase present in yeast converts maltose to glucose. Glucose thus produced is 
then converted to ethanol by enzyme zymase. 


Yeast, 30°С 
CHO, + ЊО = 204,0, 
Maltose Glucose 


Yeast 30°C 
СНО, us 2C;H,OH + 2CO, 


Glucose Ethanol 
7-12% ethyl alcohol thus obtained is called wash. 


(iv) F ractional distillation of wash : The wash is then Subjected to fractional distillation in 
coffey still to get rectified spirit as described before, 

(у) From rectified spirit, absolute alcohol is obtained in the process as given before. 

© By-products of the manufacture of ethyl alcohol : ; 

The important byproducts are— 

li) Carbon di-oxide which is liberated during fermentation. 

(ii) Acetaldehyde is obtained during rectification. 

(ili) Fused oil is obtained as the last fraction of distillate which contains amyl alcohol. It is used to prepare 
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(4) By the indirect hydration of ethylene : 
(a) Ethylene is reacted with conc. H,SO, at 100°C to form ethyl hydrogen sulphate, which 
on hydrolysis yields ethyl alcohol. 


100°C 
Н.С = CH, + H.HSO, ———> CH;-CH,HSO, 


Ethylene Ethyl H.sulphate 
CH;-CHH.SO, + HO —> CH,CH,OH + H,SO, 
Ethyl alcohol 


(b) The indirect hydration of ethylene can also be carried out by using phosphoric acid as 
catalyst. A mixture of ethylene and steam is pre heated to 300°C and then passed over 
phosphoric acid when ethylene is hydrated to form ethanol. 


H.C = CH, +H,0 IC, cH.CH,OH 
Ethylene Ethanol 


(5) From acetylene : Acetylene is passed through 20% H,SO, solution in presence of HgSO, 
at 80°C when acetylene is oxidised to produce acetaldehyde. In the next step, the produced 
acetaldehyde is reduced by LiAlH, to form ethyl alcohol. 


20% Н. 
HC = CH + HO Wen CH,CHO 


Acelylene Acetaldehyde 


CH,CHO > CH,CH,OH 
^ Ethyl alcohol 

e Methylated spirit or Denatured alcohol : 

The largest use of ethanol is as beverages. Consequently pure ethyl alcohol is subjected to heavy excise duty. 
But it is also used for industrial purpose. To use the alcohol for industrial purpose, it is denatured by adding 
poisonous and nauseating materials like methyl alcohol, pyridine or mineral пара. This process of preventing 
the use of ethyl alcohol for beverage purposes by adding poisonous materials is called denaturing. Denatured 
alcohol can be manufactured and sold duty free for industrial use. Two types of methylated spirits are available 
in the market. 

(i) Surgical spirit: The colourless surgical spirit contains 95% rectified spirit and 5% methanol. 

(ii) Mineralised spirit : This is coloured and contains 70% rectified spirit, 9% methyl alcohol and а little 
poisonous pyridine and a purple dye. 

e Power alcohol : Ethyl alcohol used for the generation of power is called power alcohol. With the 
advancement of civilisation the demand of petrol is going on increasing but the resources of petrolium is limited. 
Consequently to cut the use of petrol, attempts were made to mix commercial alcohol with petrol. Though absolute 
alcohol is miscible with petrol but the commercial alcohol does not mix with it. However, in presence of benzene, 
commercial alcohol gets mixed with petrol which can safely be used in the internal combustion engine. The 
shortage of petrolium resources in India can be solved by increasing the production of power alcohol from 
molasses. 

8.7. Properties of ethanol. 

[A] Physical : Ethyl alcohol is a colourless, inflammable liquid having a characteristic 

smell and burning taste. Its b.p is 78.2°C and is miscible with water in all proportions. It is a 
"вооа solvent for fats and resins. 

[B] Chemical : Ethanol responds to all the general reactions of alcohols described earlier. 

(1) Action with alkali metals : Ethanol reacts with Na or K to produce ethoxides with the 
evolution of H;. 

2C;H;OH + 2Na 4+ 2C,H;ONa + Н, 
Sod. ethoxide 
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Ethoxides on being heated with alkyl halides give ethers. 
C;H,O Na + ІСН, > С,Н;О-С,Н; + Nal 
LER Di ethyl ether 
(2) Acetylation : Ethanol reacts with acid chlorides and acetic anhydride to produce esters. 


CH;CH,OH + CIOCCH; э СН,СООС,Н; + НСІ 
Ethanol Acetyl chloride Ethyl acetate 
(3) With carboxylic acids : Ethyl alcohol reacts with glacial acetic acid in presence of conc. 
Н,80, to produce ethyl acetate ester. 
н 


СНСООН + C,H;OH aiias: СН;СООС,Н; + H,O 
Acetic acid Ethyl acetate 
(4) With halogen acids : Ethanol reacts with НВг and HI to give ethyl bromide and ethyl 
iodide respectively. With НСІ it reacts in presence of anhydrous ZnCl, to produce ethyl 
chloride. а 
CH;CH,OH + НСІ ———*>  CH,CH;CI + H;O 
CH;CH;OH + HBr — —* CH,CH,Br + H,O 
(5) With ammonia : When a mixture of ethanol vapour and ammonia is passed over heated 
alumina (Al,0;) at 300°C, yields ethyl amine. 


CH,CH,OH + H.NH, A. CH,CH,NH; + H,O 
Ethanol Ethyl amine 


(6) Halogenation : 

(a) Ethanol does not react with CL, Br», or I, directly. The halogens are at first reacted with 
red phosphorus to produce phosphorus tri halides which then react with ethanol to produce 
ethyl halides. 


2P + 3Cl, 4 2РСІ, 
3CH;CH;OH + PCI; > 3CH4CH;CI + Н;РО, 
Ethyl alcohol Ethyl chloride 


2P + 31, ¬+ 2Р1, 
3CH;CH;OH + PI; — 3CH;CH +H;PO; 
Ethyl iodide 
(b) Phosphorus penta chloride reacts with ethanol to produce ethyl chloride. 
С›Н;ОН +РСІ, — C;H;CI + POCI, + НСІ 
(c) Thionyl chloride reacts with ethanol to form ethyl chloride. 
C,H;OH + SOCI, — С,Н,СІ + SO, + НСІ 


(7) Dehydration of ethanol : Dehydration of ethanol produces ethylene. The dehydration 
of ethanol is carried out. | 


(а) By heating ethanol with conc. H,SO, at 170°C. 


1 
CH.CHOH + H.H.S0, €, сң,сн„н$о, +S H,C=CH, 
Ethanol H.sulphate ‘Ethylene 
The product of dehydration of ethanol becomes ether when excess of ethanol is heated with 
conc. H2SO, at 140°C. 2 molecules of ethanol are involved in this reaction. 


CH.CH;OH + HIOCH,CH, "90> сун, осн, + HO 
(b) By heating ethanol with Phosphoric acid at 200°C-250°C. 


HPO, 
CECHOR ос” HC = CH, + H,O. 
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(c) By passing ethanol vapours over heated alumina at 300°C-350°C to obtain ethylene. 
CH,CH,OH +A Oa HC = CH, ¥ HO 
(8) With Grignard reagent : Ethanol reacts with ethyl magnesium halide to produce ethane 
or propyl magnesium halide to produce propane. 


CH.CH;O fi + С.Н. MgBr э CoH, + CH,OMgBr 
Ethane 


(9) Oxidation of ethanol : 
(a) Vapours of ethanol when passed over heated copper gauze at 300°C yield acetaldehyde 
with the evolution of Hz. 
CH.CH,OH + — C» CH,CHO +H; 
Ethanol Acetaldehyde 
(b) Ethanol is oxidised by K;Cr;O; and conc. H;SO, to produce acetaldehyde which on 
further oxidation gives acetic acid. 
: [O [O 
CH;CH,OH ا9ل‎ CH;CHO CH;COOH 
K2Cr207/! HSO, Jehyd K,Cr207/HSOx Aceticlacid 
(c) Ethanol is oxidised by, Cl, to form acetaldehyde the produced acetaldehyde on further 
oxidation yields tri chloro acetaldehyde or chloral. à 


снсњон E> CH,CHO — ie CCLCHO + зна 


Acetaldehyde Chloral 
(10) Reduction of ethanol : In presence of red phosphorus ethanol is reduced by conc. HI 
to produce ethane. Р 


CH,CH,OH + 2H1 ÊÊÊ 


C,H, + 1, + HO 
Ethane 

(11) Haloform reaction : Methanol does. not respond to this test. Ethanol responds to 
haloform reaction because on being oxidised it forms acetaldehyde which contains keto methyl 
group (CH = 0]. 


(i) Thus ethyl alcohol reacts with bleaching powder to produce chle . oform. The reaction 


occurs in 3 steps. 
(a) At first ethyl alcohol is oxidised by Cl; (obtained from bleaching powder) to. form 
acetaldehyde. 


CH,CH,OH+cl, 61991, cH,cHo 4'2HCI 
Ethanol Acetaldehyde 
(b) Inthe next step the produced acetaldehyde is further oxidised by Cl; to form trichloro 
acetaldehyde or chloral. n : 
CHICHO +зсь — 9E £ ссһсно + 3HCI з 
Tri chloro acetaldehyde 
(c) In the last step the produced tri chloro acetaldehyde reacts with Ca(OH); (obtained from 
bleaching powder) to produce chloroform. ! 
COE НО + онсе — 2CHCl + (HCOOJCa 
H——O—Ca— 0-H Chloroform Са formate 
(ii) A mixture of ethyl alcohol, iodine and caustic soda on being heated yields à light yellow 
precipitate of iodoform which has characteristic smell. Ethanol can be identified by this 
reaction (Iodoform test). 
C;H;OH + 41, + 6NaOH — CHI, + HCOONa + 5Nal + SHO 


CH-IU49 


2\6 


ө Uses of ethanol : 
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Ethyl alcohol is largely used as beverage. It is also used, 


(1) (a) in the manufacture of paints and varnishes, 
organic Compounds like ether, acetic acid, chloroform, iodoform, 


manufacture of smokeless powder and transparent soap. 
(ii) as power alcohol in internal combustion engine, 
(iii) for the preservation of biological specimens, 
(iv) for making thermometer, spirit levels, 
(v) as solvent for resin, fat, gum etc. 
e Tests for ethyl alcohol : 


(1) Iodoform test. When ethyl alcohol 
hydroxide, yellow precipitate of iodoform i: 


is warmed with 


(b) in the preparation of important 


acetylene etc., (c) in the 


iodine and sodium or potassium 


s obtained which has a characteristic smell. 


C,H,OH + 41, + 6NaOH — CHI + HCOONa + 5Nal + 5H;O 
lodoform 


(2) When ethyl alcohol is heated with glacial acetic acid in presence of conc. Н,50,, a 
characteristic fruity smell of ethyl acetate is obtained. 


снусн;он + CH,COOH — 9^, сн.соос,н, + HO 
Ethyl acetate 


e Prove that methyl alcohol or ethyl alcohol contains one (OH) group : 


The number of -OH groups present in an al 
moles of HCl produced by the action of PCl; on one 


-OH group present in it e.g., 


One mole of ethanol reacts with PCls with the formation of one 


group. 


СНОН + PCls > С,Н:С + РОС)» + 


Ethanol 


1 mole 


Hcl 
1 mole 


CHOH + PCls 4 СН;С + POCI, + HCl 


Methanol 


1 mole 


Tests 


(1) lodoform test : 

The alcohol to be tested is 
added to an aqueous soln. of NaOH 
and iodine and the mixture is 


ated, 
(2) The sample of alcohol is mixed 
with glacial acetic acid and heated 
in presence of conc. H;SO,. 


(3) Thesampleofalcoholistreated 
with salicylicgacid and heated in 


presence of conc. H;SO;. 


е 


Methyl alcohol 


No precipitate is obtained. The 
characteristic smell of iodoform is 
not obtained. 


Methyl acetate is obtained which 
has no characteristic smell. 


CHOH + снсоон —9‹ 


CH,COOCH; + HO 
Methyl acetate 
Methyl salicylate is produced which 


has a characteristic smell of oil of 
winter green (iodex) 


we + CH;OH > 
COOH 
© 
COOCH, 


Methyl salicylate 


cohol сап be found out by 
mole of methyl alcohol or ethyl 


mole of HCl. So ethanol contains one -OH 


its reaction with PCls. The number of 
alcohol gives the number of 


e Chemical tests to distinguish methanol from ethanol : 


Ethyl alcohol 


Light yellow ppt. of iodoform 
having characteristic smell is ob- 
tained. 

CHOH + 4l; + 6NaOH > 
CHI; + HCOONa + 5Nal + SHO 

Ethyl acetate is formed which 
has a fruity smell. 
H,SO, 


CH;COOH + C,H;0H — — > 
CH,COOCH; + HO 


Ethyl acetate 
Ethyl salicylate is produced 
which has no characteristic smell. 
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(2) Chemical tests to distinguish between chloroform and ethanol : 


Tests 


(1) lodoform test : 

The sample is added to an 
aqueous soln. of NaOH and Iz and 
the mixture is heated. 


Light yellow ppt. of iodoform 
"having characteristic smell is 
obtained. 
CHOH + 41, + óNaOH ¬4 
CHI; + HCOONa + 5Nal + SHO 
No reaction fakes place, so dis- 
agreeable odour is not obtained. 


No precipitate is formed i.e., 
iodoform has not been formed. " 


(2) Carbylamine reaction : Strong disagreeable odour of 
The sample is treated with | phenyl isocyanide is obtained. 
aniline in presence of alcoholic CHCl; + CsHsNH2 + 3KOH 4 
KOH СУНУЧС + 3KCI + ЗНО 
(3) The sample is taken їп а test The sample does not dissolve in 
tube and water is added to it. water but forms two layers, the up- 

layer being water and the lower 
kye chloroform. 


The sample is completely 
soluble in water—no layers are 
formed. 


e Chemical tests fo distinguish between methanol and chloroform : 


Methanol 


No reaction takes place, so dis- 
agreeable odour is not obtained. 


Tests 


Strong disagreeable odour of 

phenyl isocyanide is obtained. 
CHCl, + C;HsNH; + 3KOH > 
C,HsNC + 3KCI + ЗНО 


(1) Carbylamine reaction : 

The given sample is treated 
with aniline in presence of 
alcoholic KOH. 


(2) The sampleis treated with sali- Smell’ of oil of winter green Methyl salicylate is produced, 
cylic acid and heated in presence | (iodex) is not obtained. so a smell of iodex (oil of winter 
of conc. Н;$О„. green) is obtained. »H 
Өх" + CHOH > 
COOH 
OH „њо 


COOCH; 


The sample is completely mis- 
ciblein water—nolayers are formed. 


The sample does not dissolve in 
water but forms two layers, the 
upper layer being water. 


(3) The sample is taken in a test 
tube and water is added to it. 


E 
Ethyl halide T Yeast, 30°С Fermentation 
| C HX H of glucose 
Y 
jv 
Ethyl amine A Ethyl acetate 
C;HsNH; L CH,COOC;H; 
С 
ae) 
Acetaldehyde К: 
CH,CHO i 
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e Important reactions of ethyl alcohol ө 
No/K 


C;H,ONa 
Sod. ethoxide 
Reaction of cH,cod 
H atom Нон > CHCOOCH; 
Bes of -OH group etyl chloride Ethyl acetate 
H.CO] 
$ = coe CH,COOC.H; 
anhydri ide ots CH,COOH 
РСЬ/РСІ 
еш C,H,CI 
Ethyl chloride 
к.ш. b» CHK . &= Cl, Br, D 
Ethyl halide 
CH;COOH 
н, СН,СООС,Н; 
Replacement Ethyl Acetate 
of -OH group m 
E MS CH.X 
Conc. HI- au 
2116 
Red P Ethane 
Grignard reagent 
CH, 
NE Methane 


HSO, [о] 
KCrO, CH;CHO —> CH,COOH 
A 4 Acetaldehyde Acetic acid 
Cu/Ag Cat tol 
Oxidation уБ ср CH,CHO —> CH;COOH 
SpA Ethyl acetate . Acetic acid 


Cl 
CH,CHO > CClCHO 
Chloral 
165*C/H;SO, 
CH, = CH, 
Ethylene 
Hs 2Н; 
к ыд Diethyl ether 
300°C 
СН, = CH; 
ALO; Ethylene 
CHCI, 
L_,| Haloform ericae Chloroform 
tioi N 
reaction laCH/l; CHI, 
lodoform 


ө Allyl alcohol, 2-propene-1-ol HC = CHCH;OH. 


[A] Preparation : Allyl chlorideis first prepared by the action of chlorine on propene af 500°C. The produced 
allyl chloride on being treated with Sues NaOH at 150°C under pee yields ally! alcohol. 


НС = СН-СН, + Cl ai HC = CH-CH;CÍ aes HC = CH-CH,OH 
Ргорепе АМ alcohol 
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[B] Properties : Allyl alcohol is a colourless liquid which boils at 97°C. Itis miscible in water in all proportions. 
Since, allyl alcohol contains both C = C and -CH;OH groups it exhibits characteristic reactions of both these 
groups. Some of the important reactions of allyl alcohol are shown in the following chart : 


2H 
“|н > CHICH;CH;OH 
БАН, 1-Ргора 
Вг Вг 
Brz or lz рез] 
HC—CHCH;OH 
2, 3-Dibromo propanol 
OHOH OH 
Alk. KMnO, "E m 
Кт HL 
HO + O Glycerol 
Na 
ЊС = CHCH,ONa 
Sodium allylate 
H 
К CH; = СНСН;Х 
Allyl halide 
CH;COOH 
CH3COO—CH;CH = CH; 
HSO, Allyl acetate 
[О] 
o HS CH-CHO 
Cua Acrolein 


[с] Uses : It is used in the preparation of glycerol and allyl esters. 
€ INTERCONVERSIONS : 
(1) Higher alcohol into lower alcohol. 


Os 
1 
CH,CH,OH P5229. H,C = CH, “> H,C-O-CH, 75> HCHO 
Ethanol Ethylene Ethylene Formaldehyde 
ozonide | ШАН, 
CHOW 
Methanol 
(2) Lower alcohol into higher alcohol. 
с оми 
CH,OH ig CH. AS CEME SS н-с-н-"°"> cH,CH,OH 
Methanol Methyl Methyl Mg CA Ethanol 
iodide . iodide 3 
(3) Primary alcohol intó secondary alcohol. 
s Br 
| 
CH.CH,CH,OH > CH,CH,CH;I y> CHCH = CH => СН.СН-СН, 
1-Propanol Propyl iodide Propene Iso propyl 
primary (1°) bromide 
alcohol oq KOH | 


стон: 


OH 
2-Propanol (2? alcohol) 
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(4) Secondary alcohol into primary alcohol. [I-propanol from 2-propanol] 


ou 1 
CH,CHCH, 4, CH,CHCH; I CH;CH = CH; —— CH;,CH;CH;Br 
2-Propanol 2-lodo propane Propene 1-Bromo propane 
(Sec. alcohol) aq KOH | 
CH,CH,CH,OH 
1-Propanol 
(primary alcohol) 
(5) Secondary alcohol into tertiary alcohol [Isopropyl alcohol into t-Butyl alcohol]. 
с аы 
CH,CHOH, xou" CH= O тө, CH-C-OMgl — 2> CH.-C-0H 
CH; CH; CH; CH; 
Sec. isopropyl Acelone t-Butyl alcohol 
al 
(6) Primary alcohol (1? alcohol) into tertiary (3°) alcohol. 
CH; fd CH; CH; 
CH.CHCH,OH E, CHE = CH, inte” СН-С-СН, акон. сњ-с-Сн, 
(1° alcohol) 2-Methyl dn OH 
gb реро ; 2-Bromo-2-methyl 2-Мећу!-2-ргорапоі 
propane (3° alcohol) 
(7) Methanol into formaldehyde and formic acid. 
Ој 
CHOH 5295» HCHO p> НСООН 
Methanol Formaldehyde Formic acid 
(8) Ethanol into x 2 уде and acetic acid. 
tol 
CH;CH;OH ut CH,CHO oir CH4COOH 
Ethanol Acetaldehyde Acetic acid 
(9) Ethanol into е апа ео: асій. 
СН,СН,ОН =p” CH;CH;I EM, CH4CH;CN ut CH;CH;CH;NH; 
Ethanol Ethyl iodide - Ethyl cyanide Propyl amine 
вол |^» 


CH;,CH,COOH.  CH;CH,CH,OH 
Propanoic acid 1-Propanol 
(10) Methanol into methane, ethylene and pave 


CHOH > cra -*» снісм a> CH.CH.NH, > сн,сн,он 
манада д” Methyl Mi Ethyl amine Ethanol 
iodi E , 
conc. Н,50, 
CH, «599° CH,COONa «0. сн,соон |& 
йор," Sod. acetate Acelic acid Br г. 


HC = CH < -H,—C—C—H;*- HC = CH, 
Acetylene 1, 2-Dibromo ethane Ethylene 
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(11) Ethanol into deti and. дак acid. 
CH,CH;OH e H,C = CH; A Ho-G-0-CH; DEED. HCHO 


170°C 
Ethanol Ethylene 0—0 Formgldehyde 
Ethylene ozonide j" 
HCOOH 
Formic acid 


(12) Methanol into chloroform and acetylene. At first ethanol is prepared as shown їп (2) 


then proced as follows : 


CH,CH,OH 22" > CH.CHO “саар? CCLCHO o. eie 
Ethanol Acelaldehyde Chloral Chloroform 
jj^ 
HC=CH 
Acetylene 
(13) Ethanol into methane, ethane, propane, ethylene and acetylene. 
г Б 
CH,CH,OH aa H;C = СН, => eso н, ME HC=CH 
Ethanol Ethylene 1, 2-Dibromo Acetylene 
Ni/cot | 2H ethane 
20% H,SO, 
HgSO, 
Ethane 
Сн] << CH;COONa 2*9 CHCOOH «oq СН:СНО 
Methane Sod. acetate Acetic acid Acetaldehyde 
Саон) 
[CH;CH;CH;| m. CH,COCH; —— = (CH,COO),Ca 
"Propane Acetone Ca acetate 
(14) Ethanol into ан, 
CH,CH,OH — ыр” CH.CHII > CHCH" 
Ethanol Ethyl iodide 


e Some problems involving the reactior 

(1) An organic compound (A) having 2 cc 
reacts with PCl ю produce (B). When /P' 
dehydration of (A) also produce I^ 

Ans : (i) Since the com 
alcohol having 2 с^ 
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(iii) When (B) i-e., CH.CH;Cl is treated with alcoholic KOH ethylene is produced. So the compound (C ) is 


снова E> HC = CHa + KCl + HO 
(8) Ethylene (С) 
(iv) The compound (A) i.e., ethanol on dehydration by conc. HıSO, at 170°C produces ethylene (С). 


CH.CHOH —eet HC = CH HO 
Ethylene (C) 


H H 
Acetaldehyde Formaldehyde Ргорепе (B) 
(ii) On the dehydration of (A), (B) is obtained, so the compound (A) must be J-Propanol СНз-СН,-СНОН 
or 2-Propanol. 


CHCH CHOH E> Снн = CH; + ЊО 


1-Propanol Propene (B) 
CHa a —— > CH;-CH = CH; + HO 
Propene (B) 


2-Propanol 
(iii) Now, since compound (А) responds to the haloform test, so the alcohol must contain сон group. 
Since 2-Propanol contains this group so the compound (А) is 2-Propanol. 
CHi-CH-CHs = CHs-€-CH + 280 


OH о 
Acetone 


* CH,COCH, E. СС,СОСН, + ЗНСЇ 
CClCOCH, + NaOH —> сно + CH.COONa 


Chloroform 
Thus, the compound (А) = 2-Propanol CHs-CH-CHs, (B) = Propelene CH,-CH= CH; 
OH 

(3) Two compounds (A) and (B) of formula CHO are isomers. Both the compounds react with Na to liberate 
Н,. Both of them on dehydration give an alkene (С). On ozonolysis of (С) yields acetaldehyde and 
pao ile р by eh юл iid Y e: pi on being treated with aqueous NaOH yields (А). 

presence , (C) combines with HBr to ich on reaction with KOH yields (В). Identil 

(Al, (Bl, (C), 0) and 8. ete де ке 

Ans : The general formula of alcohols and ethers is C,H, , 20. The formula of the CHO is of th 
Gi у еу aps piri mete LM ^: 


(i) Now, since (A) and (B) react with Na to liberate Н, therefore both (A) and (8) are alcohols. 
^ A 2СУН;ОН + 2Na  2C;H;ONa + Н, 

ii) (C ) alkene is obtained by the dehydration of both (A ) and (B ), the ozonolysi: i 
acetaldehyde and formaldehyde. Consequently the diste ic ) ue $ е 
CH = IO OL» qH —> сн-сн=сн, 

H H Propelene (С) 
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(iii) (D) is obtained by the action of HBr on (С). So according to Markownikoff rule, ће асаана (0) is 2- 
bromo propane which reacts with aqueous NaOH to form 2-propanol. 


CH4-CH = CH; + НВг ———> CH;CHBr-CHs 


TT 2-Bromo propane 
CH;CHBr-CH; EC iğ О, 
OH 
2-Propanol (А) 


2. The compound (А) is 2-propanol. 
(iv) Propelene (C ) reacts with HBr in presence of HO; to form 1-Bromo propane. So the compound (Е) is 1- 
Bromo propane. 
CH;-CH = CH; + НВг ag CH;-CH,CH.Br 
1-Bromo propane (Е) 
(E) reacts with aqueous solution of KOH to yield (B). So, (B) is 1-Propanol. 


CH,CH,CH;Br — 2> CHICH;CHOH 
1-Propanol (B) 

Therefore, (A) = 2-Proponol CH.-CH(OH)CH; 

(B) = 1-Propanol CH;CH;CH;OH, (C ) = Propene CH;-CH = CH; 

(D) 2-Bromo propane CHsCHBrCH,, (Е) = 1-Bromo própane. 

(4) Assume that ethyl alcohol is dehydrated to ethylene in the laboratory is 50% yield and that the ethylene 
so obtained combines with Br; in 80% yield. Calculate the weight of ethylene dibromide that can be obtained 
from 0.5 mole of ethanol (At. wt. of bromine = 80). [H.S. 86] 

Ans : Reaction : CH;CH,OH M HC = CH; 

46g 28g 

From equation of the reaction it is observed that 28 g of ethylene is obtained from 46 g of ethanol. But 
according to question the percentage of yield is 50% i.e., the actual yield of ethylene from 46 g of ethanol 
is 50х28. = 14 g of ethylene i.e., from 1 mole of ethanol the actual yield of ethylene is 14 g. 

2, From 0.5 mole of ethanol ће actual yield is 14 x 0.5 = 7 g. 

СН, = CH; + Br > CH;Br-CHoBr 
ч 28g 188g 

From the equation we gel, from 28 g of ethylene 188 g of ethylene dibromide is obtained. But itis given that 

the percentage of yield is 80. 


2. From 28 g of ethylene the actual yield is 80 88 = 150.49 


From 28 9 of ethylene the actual yield is 150.49 
2. From 7 g of ethylene the actual yield is 1504x 7 -376g 


Therefore, from 0.5 mole of ethanol 37.6 g i.e., 0.2 mole of ethylene dibromide is obtained. 

(5) There are two isomeric compounds (A) and (B) having the molecular formula CHO. (A) responds to 
iodoform reaction but (B) does not. The vapours of (A) and (B) when passed separately over heated alumina 
the same product (C) is obtained. Identify (A), (B) and (С). 

Ans : The compounds (A) and (В) having the formula CHO, of which-(A) responds to iodoform test. 
Consequently (A) may be 2-propanol. (А) and (В) on dehydration by passing their vapours over AO; yield the 
same compound (C ) which must be alkene, as alcohols on dehydration yield alkenes. Therefore, (A) on 
dehydration gives propene (С). So (A) is 2-propanol. $ 

OH 
] АО, 
CH,-CH-CHs 30080 ^ CH,-CH = CH; + ЊО 


2-propanol (А) Propene 
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2-propanol gives iodoform reaction, 


OH 
| Il 
CH-CH-CH, 99/5. cu C- CH, + 2HI 
CH4COCH; + 3l,  ChCOCH; + ЗНІ 
Tri chloro acetone 
Cl,COCH; + NaOH 4 СН! + CH;COONa 
lodoform К 
The compound (B) does not give iodoform reaction but gives propene on dehydration. So (B) must be 
1-propanol. CH.CH;CH;CH. 
А, 
CHCHCH,OH ——* CH;CH = CH; + НО 
Propene 
:. (A) = 2-propanol, (В) = 1-propanol, (С) = propene. ч} 
(6) Two isomeric organic compounds (A) and (B) have the molecular formula C,HzO;. (A) on hydrolysis gives 
methyl alcohol and an acid (С) which on decarboxylation gives ethane, whereas (B) an hydrolysis gives ethyl 
alcohol and an acid (D) which on reduction gives ethyl alcohol. Identify (A), (В), (C) and (р). 
f [Jt. Ent. '92] 
Ans : The compounds (A) and (B) contain 4 atoms of carbon. (А) on hydrolysis yields methanol and an acid 
(C). Therefore the compound (A) must be an ester. Again the acid (C) on decarboxylation yields ethane, this shows 
that (C) acid contains 3 carbon atoms i.e., propanoic acid. Therefore, itis proved that (A ) on hydrolysis yields 
methyl alcohol and propanoic acid. So the ester is methyl propanoate СН:СН:СООСНь. 
СН.СН,СООСН, + HO —> CH;OH + CH,;CH,COOH 
Methyl propanoate Methanol Propanoic acid 
CH,CH;COONa S228 > CH.-CH; + Мо;СО, 
Ethane 
(В) дп hydrolysis yields ethanol and an acid (Р). So the compound (8) is also an ester. (0) acid on reduction 
produce ethanol. So the acid (D) must contain 2 carbon atoms. Hence the acid (D) is acetic acid. Thus (B) ester 
on hydrolysis gives ethanol and acetic acid. Therefore (B) is ethyl acetate CHCOOCzHs. 
CHCOOCH; + HO ——> СНСООН + C;H;OH 
Ethyl acetate Acetic acid Ethanol 
(8) (D) 
Hence, (А) = Methyl propanoate CHYCH;COOCH; 
(B) CH;COOC;Hs, Ethyl ethanoate 
(С) Propanoic acid СН,СН;СООН 
(D) Acetic acid СН,СООН 
(7) Compound (X) (molecular formula С;НгО) does not react appreciably with Lucas reagent at room 
temperature, but gives a precipitate with ammoniacal silver nitrate. With excess of MeMgBr, 0.42g of (X) gives 
224 ml of CH, at S.T.P. Treatment of (X] with H, in presence of Pt catalyst followed by boiling with excess of 
. Hl gives n-pentane, suggest the structure for (X) and with equations involved. ПАТ. *92] 
Ans : (i) Since the compound (X) does not react appreciably with Lucas reagent at room temperature, it shows 
that the compound (X ) has a primary alcoholic group [-CH/OH]. 
(ii) Again its reaction with ammoniacal AgNO; indicates that the compound (X) has also an acetylenic H atom 
i.e., [= С-Н] group is present in it. 
_ Vii) The compound (X ) when treated with Н, in presence of Pt catalyst followed by boiling with excess of HI 
gives n-pentane. It indicates that the compound (X ) does not contain any branch. 
The molecular wt. of (X ) CsHsO = 84. д 


3 0.42 g of (x) = 942 = 5x 10? mole of (X 


5 x 10? mole of (X) gives 


102 
5x 10° 


224 
224007 1072 mole of CH, 
= 2 mole of CH, 


2 1 mole of (X) gives 
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i.e., 1 mole of (X ) reacts with Me Mg Br to give 2 mole of CH, i.e., one H atom of [H-C =] group and 
опе Н atom of -OH group combine with 2СН» groups of the Grignard reagent to produce two mole of CH4. 
Again in presence of Pt catalyst compound (Х) forms a compound which on further reduction by excess H forms 


п-репіапе. 
2. Compound (X) contains 5 C-atoms which arein a straight chain. So the following structure may be assigned 


to the compound (X ). 
H-C = CCH,CH,CH;OH 
4-yne-1-pentanol 
Reactions involved, 
(i) HC =CCH,CH,CH,OH + 2CH MgBr — MgBrC = CCH;CH;CH;OMgBr + 2CH, 


E Methane 
(i HC= CCH,CH;CH;OH “mon AgC = CCH;CH;CH;CH 
white ppl. 
H 
(i) HC = CCHCHICHOH "pd сњоњеннюнон ho CHOHSCHICHICHS 
1-pentanol n-Pentane 


(8) An organic compound (A) CH ;O reacts with Na with the evolution of hydrogen. (A) on oxidation yields 
(B) Cs НО, (B) reacts with lin presence of KOH giving a yellow ppt. (A) on treatment with conc. H,SO, at 170°C 
yields (C) C« Hio . (С) on oxidation with hot KMnO; solution yields (D) C» HO and (Е) C;H,O;. Calcium salts of 
(E) on heating gives (DJ. Identify the compounds (Al, (B), (€, (D) and (E) with explanation. [Jt. Ent. '93] 
Ans : Since Ihe compound (А) reacts with Na with the evolution of H and is dehydrated by conc. H;SO, to 
produce an alkene C;Hio, the compound (A) contains alcoholic -OH group. The alkene Cs Hio produced by the 
dehydration of (A). The alkene (С) on being oxidised by hot KMnO, soln. yields (D) and (E). Again, (D) is obtained 
by heating the calcium salt of (E). This indicates that (E ) is acetic acid СН,СООН. The Ca salt of acetic acid is 
Са(сн:СОО), which yields acetone on being distilled. Eee the compound (D) is acetone. The above 
informations indicate that compound (С) alkene is 2-methyl-2-butene. 
CHE = се 
CH; H 
2-Methyl-2-butene 
(C) Alkene is produced by the dehydration of compound (A). Therefore (A) is an alcohol whose structure may 
be 
OH 


| 
(i) CH,—C—CH;CHs ог, (ii) CH,—CH—CH—CHs 


bt, bH, OH 


Since the structure (1) contains 3° carbon atom it will not be easily oxidised. Consequently the compound (A) 
is an alcohol and the structure of the alcohol (A) is 
CHE CET which on oxidation gives CH. cH-p- 0t i.e., (B): Since (В) compound contains 
CH; OH CH; O 5 
[CH;—C = О] group i.e., keto methyl group, the alcohol (В) reacts with l//KOH to produce the-yellow ppt of 
iodoform. Consequently the compound (8) is 


Стон СЧА or, 3-Methyl-2-butanone 
сњо 5 
The reactions involved are given below— 
k 
m 2300 = a aC Oh кш» C 
CH, OH CH, O lodoform 
(yellow ppt.) 


3-Methyl-2-butanol (A ) 3-Methyl-2-butanone (B] 
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(ii) Heth FH — CH; + Na—— ———* GHI CH Hee + 1/2 


Сн, ОН " CH; ONa 
(iii) снн — СН о” (ut = CH—CH; + ЊО 

CH; OH CH; 

p 2-Methyl-2-butene (C) 

liv) Сн: = CH—CH; =, 7 CHF =O+ Heq =O 

CH3 СНз OH 

Acetone (D) Acetic acid (Е) 
[7] CalCH. COO]; d> CaCO; + CHs-CO—CH, 
Acetone (D) 


(9) An alcohol (A) when heated with conc. Н,50, gives an alkene (В). When (B) is bubbled through bromine 
water and the product obtained is dehydrohalogenated with excess of sodamide, a new compound (C) is 
obtained. The compound (C) gives (D) when treated with warm dilute H2SO, in presence of HgSO,. (D) can also 
be obtained either by oxidising (A) with KMnO, or from acetic acid through its calcium salt. Identify (A), (B), 
(C) and (р). 

Ans. The given problem can be expressed in short os below : 


НО, Alkene (В) ta, Product 


Alcohol (A) 19 excess ot 
NaNH; 

(ol Dil HO, 
кї لوا‎ — PR — Compound (C) 


Ca salt of acetic acid 

From the given problem it seems that the new compotind (С) is an alkyne. Consequently (D) may be either an 
піву or а ketone, Again, since (D) can be obtained from the calcium salt of acetic acid, it may be either 
acetaldehyde or acetone. Sincé (D) is obtained by the oxidation of the alcohol (A), so (A) may be ethonal or 2- 
propanol as both of them can explain the given set of reactions. 

(i) When the alcohol (A) is ethanol. 
г je 
CHCHOH 5950: „ HC = cH, t> H,C—CH, 


TA 
Ethanol (A) Ethylene (B) 
4 O) NoNH; 
снусоон — 99^, сосњсоо) - O9 CHACHO. «бы. C= CH 
Acetaldehyde Acetylene (C) 


(э) 
Hence, (A) = Ethanol CH;CH2OH P 


(В) = Ethylene HC = CH», (С) = Acetylene HC = CH, (D) = Acetaldehyde СН:СНО 
(ii) When (А) is 2-propanol SS Cit 
OH 
Pr or 
CH;—CH.CH onc. HSO, 8n 
b eco CH= СНОН. ——*— > CH;—CH—CH; 
1-Propene (B) 


2-Propanol (A) 
kno (O NoNH; 
j em 
Ca(OH) T il 
CH;COOH — E, сысн;соо), Bil CH,COCH +98595 HO=C=CH; 


Acetic acid Acetone (D) T-Propyne (С) 


Hence, (А) = 2-Propanol CH3—CH(OH)CH; 
{B) = 1-Ргорепе, (С) = 1-Ргорупе, (0) = Acetone 
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ө Questions ө 

1. What are alcohols 2 What is the functional group of alcohols ? How are the alcohols classified 2 What 
do you understand by primary, secondary and tertiary alcohols ? 

2. (a) How will you distinguish among primary, secondary and tertiary alcohols ? 

(b) Write short notes on—{i) Haloform reaction, (ii) Fermentation, (iii) Lucas reagent. 

3. Describe the general methods of preparation of alcohols. 

4. What is meant by destructive distillation € What important products are obtained by the destructive 
distillation of wood ? How would you obtain pure sample of methanol from pyroligneous acid ? 

5. Give the large scale preparation of methyl alcohol. How does methyl alcohol react with— 

(a) Na (b) Мо;Сг;О;/Н'* (c) Conc. НВг (d) SOCI; 
6. How would you separate methanol in a pure state, from a mixture of methanol, acetone and acetic 


7. (а) How is water gas converted to methyl alcohol ? 
b) How will you prepare primary, secondary and tertiary alcohol using methyl magnesium iodide ? 
8. How is ethanol obtained from glucose ? Discuss the actions of the following on ethanol. 
(i) Na (ii) PCI; (iii) Dry HCI (iv) Conc. H3SO4- 
What products would you get by the oxidation of ethanol ? 
9. How is ethyl alcohol manufactured from molasses ? What are rectified spirit, methylated spirit, absolute 
alcohol and power alcohol ? 
10. How does ethanol react with (a) KiCr;O; (b) SOCI; (c) Bleaching powder (d) Red P/l;. 
11. Define fermentation. What are enzymes ? Name three enzymes you are familiar with and illustrate their 
actions. 
12. Describe the various steps involved in the manufacture of ethanol from starch. 
13. (a) Under what conditions does ethyl alcohol react with conc. H2504 to produce— 
(i) ethylene (ii) diethyl ether. 
Give the equations of the reactions involved and write down the structural formulae of the reaction 
products. [WBJEE '83] 
(b) By which reaction would you prove that alcohol contains one —OH group in its molecule, 
(c) Illustrate two chemical reactions in which the hydroxyl group of an organic compound takes part. 


[WBHS '84] 
(d) Describe the preparotion of ethyl alcohol on a large scole. How is it purified ? 
(е) Describe three uses of methanol. What is power alcohol ? [WBJEE '93] 
(f) What is fermentation ? How is ethyl alcohol prepared from glucose ? [WBJEE ^81] 
Decribe the uses of ethanol. 
(g) What is methylated spirit—state its uses. 

14. (а) How would you prepare absolute alcohol from rectified spirit ? 

(b) How would you prepare ethanol from diethyl ether ? [WBHS '80] 
(с) How would you prepare diethyl ether from ethanol ? [WBHS “83, “87] 
(9) How can you convert acetylene into ethyl alcohol ? [WBHS '96] 


15. Describe giving equations how would you replace the —OH group of ethyl alcohol with the following 
groups—[a) -COOH (Ы) -CHO, (c) -HSO, (d) -O- (е) -Cl. 
16. Describe one reaction of alcohol in each case showing the use of the following reagents : 
(a) anhydrous ZnCl, (b) PCls (с) Red P/Br2 (d) Ма;Сг;О;/Н›5$О, (e) Methallic Cu (f) Red P/conc. HI 
lg) АЬОз. 
17. Identify A, B, C, D, E etc., in the following reactions : 


(i) ہیی‎ pap 9999. [p] — 9 — [C] 
(i) CHOH AES [др “© „ву с] > [D] 
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Red Pils, A] 


(iii) CHs —CH—CHs 
H 


(iv) CHsOH > [А] 


Sodolime 


[D] 


A [D] 


ооа , "(Rp o S [в] 


(м CHsOH 


250, Bro 
а > [А]. — [B] 


м) CaHsOH 


Ма/ећег 
(i) CHCHICHIOH — dee — aj (] — 77 Id 


(vii). CHCHIOHICH/CHs — E. [AI— 81 — — 18] 


ЊРО, Br; [8] KoH 


mv 


(ix) СЊСЊОН age” АЈ „сег Icl 


зд A> аот" 10 


و کے 


(x) CHO e 


]€[ ج رم 9 ic]‏ کک رم کر ieee oe‏ 


tei) CHOH ی ا‎ qu] 
di) COH ر اا‎ [дь e ү—"=—> [C] 


(CH; COO. 


(xiv) сон —————» [A] + [B] 


18. Name the reagents LXVII for the following conversions :, 

(a) RCHOH——> RCH: > RCHICN— —- RCH;COOH 

| HC = CH CHOH— — CH.CHOH— > CHCl 
d) њен cH > CHsCH,CH;Br- CH CHCHIOH 
(d) CHCl — HC = CH CH;CHO— > CH.CH;oH 
le) CHcHIOHICH, — > cH;cocHs "> CHI, “> CoH, 


(fl CHOH HCHO > снусн, ома "> CHICHOH 
19. Explain why : D 


Hg" 
[Jt Ent '83] 
[Jt Ent '85] 


[H.S. 87] 


(i) Alcohols have higher boiling points than alkanes of comparable molecular weights. 


(ii), Ethanol has higher boiling point than diethyl ether. 
(iii) Anhydrous ethanol can not be prepared by fractional distillation. 
{iv):Ethanol is miscible in water but diethyl ether is not miscible in water. 


(V); Metallic sodium can be used for drying diethyl ether or benzene but not ethanol. 


[1.1.1.82] 


[Hints : Ethanol (CjHs—O—H) reacts with Na due to the presence of active H atom in it, but ether or benzene 
does not have such replaceable H atom and so do not react with Na: Consequently due to the dehydrating action 


of Na, it can be used to dry ether or benzene.] 


(vi) Tertiary butyl alcohol reacts less rapidly with metallic sodium than primary alcohols. 


[Hints : - CH; group is electron repelling. The C atom which bears -OH group acquires a partial negative 
charge due to the attachment of 3 methyl groups with it. As а resultthe partial negative charge pushes the electron 
pair of O—H bond towards Н atom. Thus the H atom is firmly attached to the oxygen atom and can not be easily 


replaced by Na atom.] 
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(vii) Hydrogen atom ofthe -COOH group is more easily replaced than the H-atom of the alcoholic -OH group. 

(viii) Alcohols can not be used as solvent with Grignard reagents or with LiAIH,. 

[Hints : The R : – group from RMgX or H : = from LiAIH, are strongly basic which react with the replaceable 
H atoms of OH group of alcohols. 

C;H4OH + R'Mg'Cl — RH + C;HsOMgCl ; AC;HsOH + LiAIH, > 4Н; + LiAI(CzHSO]4] 

(ix) The remaining water from boiling 95% ethanol (an azcotrope) can be removed by magnesium. 

[Hints : Mg reacts with the remaining water of 95% alcohol to form Mg(OH];. Mg + 2H20 = Mg(OH)2 + H2. 
The dry ethanol can now be distilled from insoluble MglOH);] 

(x). CHly is obtained by the reaction of acetone with hypo iodite but not with iodide. [Roorkee Eng. ’91] 

ог NaOH or KOH is added in the haloform reaction. 


[Hints : NaOH or KOH reacts with the hologens to form hypohalites. (NaOX). Hypohalite ions (OX) are more 
basic than halide (Х) as more electro-negative О atom is present in it. The H atoms of CH; group of acetone or 
aldehyde is acidic. Consequently the hypohalite can replace H-atoms of CH; group more easily than halide ion. 


CHs-C =O Чел Oan] 


H H 


(xi) Methanol can not be dried by CaCh. 

(xii) Water from ethyl alcohol can not be completely removed by fractional distillation. 

(xiii) Ethanol responds to haloform reaction but methanol does not. 

(xiv) During alcoholic fermentation, it seems as if it is boiling. 

(xv) H-C-H bond angle in HyC-CH is 109°28' but in methanol (CH;OH), the H-O-C bond angle is 105° 
(xvi) The same alkene is not produced on the dehydration of 1 -butanol and 2-butanol. 


[Hints : In elimination reactions, the more substituted alkene is produced as the more substituted alkenes are 
more stable. In 1-butanol, there is only one f position to eliminate Н". Consequently it gives only 1-butene on 
dehydration. But in 2-butanol there are two f positions to eliminate Н“. These H* of the B positions are eliminated 
with the formation of the more substituted alkene i.e., 2-butene. A 


н5О, 


В 
СНз СН;СН;СН;ОН —d7c > CH3CH;CH = СН; + НО 
1-Butanol 


В В но, 
CH;CH;CH(OH)CHs тое» CHCH = CHCHs + HO ] 


(xvii) The molecular weight of butane (58) and propanol (60) are almost same but their boiling points are 

0.5°C and 98°C respectively. 
20. Give one chemical test to distinguish between the following pairs of compounds : 

(a) Methanol and ethanol [WBJEE’ 91, WBHS’ 93, '95] 

(b) Diethyl ether and ethanol [WBJEE" 90, WBHS '86] 

(c) Methanol and chloroform 

(d) Ethanol and dichloro methane 

[Hints : Ethanol responds to iodoform reaction but dichloro methane does not] 

(e) Ethanol and phenol [WBHS' 92] 

[Hints : Ethanol has no action on blue litmus and FeCls solution, but phenol turns blue litmus red and gives 
violet colour to neutral FeCl, solution.] 

(f) 1-propanol and 2-propanol 

[Hints : 1-propanol does not respond to iodoform test but 2-propanol responds to this test due presence of ` 
сани 


OH 
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(g) n-butanol and rbutanol. 
[Hints : As n-butanol is 1° alcohol, it can be oxidised by chromic anhydride in Н;5О, which is indicated by 
change of colour from orange to green, t-butanol being 3° alcohol is not oxidised by this mild oxidising agent] 
(h) Acetone and ethyl alcohol. Ut, Ent. 96] 
[Hints : Ethanol produces fruity smell of ethyl acetate when treated with СН;СООН and conc. H504. Acetone 
does not produce fruity smell.] 
(i) 1-butanol and 2-butene-1 -ol. 
[Hints : 2-butene-1-ol decolourises the red colour of Вг; is CCl, solution but 1-butanol can not.] 
(j) Diethyl ether and n-butanol. 
[Hints : n-butanol reacts wilh Na to produce bubbles of H gas. Diethyl ether does not evolve Н; with Ма] 
21. (a) Which of the following compounds will give iodoform reaction and why ? 
(i) CHXCH;CH;OH (ii) CHCH;CH(OH)CHs (iii) C2HsCHO (iv) C.HsCOCH3 
(b) Which alcohol on being treated with Cl; end NaOH gives sodium acetate ? 
(c) How would you separate methanol, acetone and acetic acid from a mixture of the three ? [H.S. 90] 
(d) How would you separate elhanol and propanone from a mixture containing the two? [Jt Ent. 94] 
(e) With the help of a reaction show that alcohols have mild acidic character. 
(I) How will you prove that ethanol contains one -OH group ? 
{g} Which isomer of butanols will respond to haloform reaction ? 
(h) How will you detect the presence of water in alcohol ? Name an alcohol which gives ethyl methyl ketone 
_ on oxidation ? 
(i) Without using any reducing agent how will you prepare methanol from formaldehyde. 
[Hints : By the treatment of conc NaOH solution with HCHO. 
2HCHO + NaOH 4 CH3OH + HCOONa] 
(i) On successive treatment with PCls, KCN, Ho in presence of a catalyst and HNO;, propanol is obtained from 
а saturated organic compound. What is that compound ? Give equations for the reactions. [WBHS. '94] 
(К) How will you distinguish among 1° alcohol, 2° alcohol and 3? alcohol ? 
(I) How will you distinguish between allyl alcohol and n-propyl alcohol ? 
[Hints : Allyl alcohol decolourises the red colour of Br; in CCl, but n-propyl alcohol will not react with Brz as 
it has no double bond.] 
22. What happens when : 
(i) Chloral is treated with NaOH. 
(ii) Ethanol is treated with bleaching powder and the mixture is distilled. 
(iii) Ethanol vapour is passed over heated alumina at 400°C, [Jt. Ent. '83] 
(iv) lodine is added to a warm mixture of ethanol and NaOH and the product is cooled. 
(v) To an aqueous solution of sucrose, yeast is added. 
(vi) Isopropyl alcohol is treated with No;Cr4O; and conc. Нг50. 
vii) To a mixture of ethyl alcohol and glacial acetic acid conc. H250; is added. [Jt. Ent. '84] 
(viii) Ethanol is treated with PCls and the product thus obtained is reacted with alcoholic KOH. 
(ix) Methanol is treated with HBr and the product thus obtained is dissolved in ether and Na is added. 
(x) Propanol is distilled with bleaching powder and ће distillate thus obtained is heated with Ag dust. 
(xi) 2-butanol is treated with K:Cr207 and conc. H2504. 
(xii) Ethyl chloride is treated with aqueous KOH and product is treated with bromine in presence of NaOH. 
" (xiii) Excess of ethanol is heated with conc. H;SO, at 140°C. 
(xiv) Propene is treated with HBr and the product is treated with aqueous NaOH solution. 
(xv) Ethanol is heated with excess of conc. H2SO, at 170° and the product is treated with Н; at 140°C іп 
presence of Ni catalyst. [А Ent. 79] 
(xvi) Ethanol vapour is passed over heated Cu at 300°C. 
(xvii) Methanol is treated with sodium and the product is treated with СНз]. 
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23. Name the following compounds with their structural formulae : 
i) A primary alcohol which responds to iodoform test. [WBJEE 84] 
(ii) An alkene which gives 2? alcohol on hydrolysis. 
(iii) A primary alcohol which does not respond to iodoform test. 
iv) A compound which is produced due to the acidic nature of alcohol. 
м) An alcohol which gives acetone on oxidation. 
(vi) An alcohol which reacts with Lucas reagent readily at room temperature. 
(vii) An alcohol which on treatment with Cl; and NaOH gives sodium acetate. 
viii) An alcohol which gives the smell of the oil of winter green on its treatment with salicylic acid in presence 
of сопс, Н:504, 
24. How will you bring about ће following conversions : 
a) Ethanol from ethylene. [WBHS ‘79] (b) Ethanol from acetylene. [WBJEE 93] (c) Methanol and ethanol from 
acetaldehyde. (d) Ethanol from chloroform. (e) Methariol from ethanol and vice-versa. [WBJEE "91] (f) Ethanol 
from methane. (9) Ethanol from diethyl ether and vice-versa. (h) Methane from ethanol. [HS 92] (i) Acetone from 
ethanol. [WBHS “92] (i) Diacetone alcohol from ethanol. [WBHS ‘91] (k) Dimethyl ether from methanol and 
vice-versa: [WBJEE '92] (I) Ethanol from glucose. [WBJEE 92] (т) n-propyl alcohol from isopropyl alcohol. (n) 
n-propyl alcohol from methanol. (o) Allyl alcohol from propene. 

25. Name the reagents used to bring out the following conversions : 


(a) Ethanol — chloroform. [WBHS '91] 
(b) Dimethyl ether > methanol. 
(с) Isopropyl alcohol — acetone. [WBHS '85] 


(d) Ethanol iodoform — acetylene. 


(е) Ethyl iodide — diethyl ether. 


(f) Acetaldehyde — isopropyl alcohol. [WBHS '91) 

(g) Ethyl alcohol — diethyl ether.. [WBHS '93] 

26. A polyhydric alcohol (mol wt 180) on being heated with (CH;CO),O and fused sodium acetate yields a 
compound of mol wt. 390. Find the number of -OH group is the alcohol, [Ans : 5] 


27. Two isomeric compounds (A) and (B) (CaHsO) react with Na with the liberation of Hz. (A) reacts with l2 
and NaOH to produce iodoform but (B) does not react with NaOH and lz. Identify (А) and (В). 
[Ans : (A) CHsCH[OH)CHs (B) CHsCHaCH:OH] 
28. А polyhydric alcohol (mol wt .168) on acetylation yields a product of mol. wt, 294. Find һе number of 
-OH group in that compound, 
[Hints : -OH + CH;COCI 2 CH;COO- + на 
(16+ 1) = 17 (2х12+3+2х 16) = 59 
For the acetylation of 1 -OH gr increase in mol. wt. = 59 — 17 = 42. 
The increase of mol wt according fo the given question = 294 - 168 = 126. 
2. No of -OH group = 126/42 = 3.] 
29. (a) An organic liquid (X) does not change the colour of litmus and burns with a blue flame. (X) reacts with 
Na to produce compound (A) and colourless gas (B) which burns іп air with slight explosion. 
(b) (X) on being dehydrated yields a colourless gas (С) whose empirical formula is CH2. 
(c) (C) reacts with Н; to produce a gas (О) whose molecular wt is 30 and which reacts with Вг; to produce 
a liquid (E). Identify (А), (B), (С), (D) and (E). 
[Ans : (X) = CHsOH, (А) = C;H3ONo (В) = H2 (C) = СН, (D) = СН, ы = haa 
lj ic compound having 2 carbon atoms, reacts with Na to liberate Hz and reacts with NaOH an 
ІА veins ie чучо кылу having characteristic smell. The compound is oxidised by Ker. 307 and 
HSO; to produce an aldehyde. Identify ће compound and give the equations of the involved reactions. 
[Ans : CH:CH;OH] 


CH-IU/50 
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31. An alcohol (A) of formula СН О, on being oxidised yields a carboxylic acid (B) of formula со. (А) 
reacts with conc. H250, at 170°C to produce a compound (C). The compound (С) on being heated with an 
aqueous soln. of HSO4 yields an alcohol (D) which is an isomer of [A]. The alcohol (0) is not readily oxidised. 
Identify (A), (В), (C) and (D). Give the equations of the involved reactions. 

[Ans : (A) 2-Methyl-1 -propanol, (B) 2-Methyl propanoic acid 
(С) 2-Methyl propene. (0) 2-Melhyl-2-propanol] 
32. (a) 0.037 g of an alcohol ROH on being reacted with CHsMgl produces a gas of volume 1.3 em? at S.T.P. 
Find out the molecular wt. of the alcohol ROH. 
On the dehydration of ROH an alkene is produced. The ozonolysis of the alkene yields acetone as one of the 
roducts. ROH on oxidation yields an acid. The number of C atoms in the acid is some as that of parent alcohol. 
termine the structure of the alcohol. [Roorke Eng '94] 
[Ans : mol wt = 74, molecular structure CHs-CH.CH.OH] 
b СНз 
(b) Two differentorganic compounds (XI and (Y) when separately treated with l2 and NaCH produce the same 
compounds—sodium ethanoate and iodoform. - 
(c) What are (X) and (Y) ? 
(d) How can you convert (X) to (Y) and vice-versa ? [WBJEE ’95] 
33. Here is a list of formulae for some carbon compounds. The rectangles represents carbon chains which are 
not necessarily the same. 


OH 
| 

(а) =-COOH  |b)c—-OH (c)==Mg!_— (9) => 
H 


(i) Which two compounds would react together under suitable conditions to form an ester ? Give the formula 


of the ester produced. Name a suitable catalyst for the reaction. [Ans : (a), (b)] 
(ii) Which two compounds would react together to form an alkane Give the formula of the alkane produced. 
[Ans : (b), (e)] 

(iii) Which compound on oxidation would give a ketone. [Ans : (d)] 

(iv) Which two compounds could be decomposed by heat to produce alkene. [Ans : (b), (d)] 


34. Arrange the compounds in order of increasing b.p. 
(a) CH;CH,OH, CH;CH;CHs, CH3CH2CH2OH 
(b) Cs, C4H4OH, H;C(OH]—CH^OH], CH;—O—CH3 

35. Arrange the alcohols in increasing order of reactivity towards (i) Lucas reagent, (ii) Sodium metal : 
.1-Butanol, 2-Butanol, 2-Methyl-2-propanol 

36. Arrange the following in decreasing order of acidity : 


Нз 
CH3CH,CH;CH,OH, СНОН, СН:СНСН:ОН, CH3—C—OH 
Hs Нз 


€ Objective type of questions : 
[A] Select the correct answer(s) : 
1. PCI; reacts with—(a) alcohols, (b) ethers, (c) ketones (d) amines. {Ans : (а), (b), (c)] 
2. The compound which reacts fastest with Lucas reagent at room temperature is 
(a) butan-1-ol (b) butan-2-ol (с) 2-methyl propan-1-ol (d) 2-methyl propan-2-ol [Ans : (d)] Г.Т. 86] 
3. Ethyl alcohol is heated with conc. H2SO,, The product formed is 
la) Chi coats (Ы C2Hs (СН, (d) СН; [Ans : (c)] [Ll.T. 81] 
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4, A compound that gives positive iodoform test is 
(a) 1-pentancl, (b) 2-pentanone (c) 3-penténone (d) peñtandl | Ж [Ans . (Ь)] [1.1.7. '82] 
5. Lucas reagent is—(a) HCI-ZnCl; (b) HBr-ZnCl; (c) HCI-MgCl, (d) HBr-MgCl2 > [Ans . (a)] 
6. The difference among primary, secondary and tertiary alcohol сап not be found out iby the’ following 
reaction К 


(a) reduced Cu (b) acidified КМпО, (с) ZnCl-« HCl (d) PCls [Ans . (d)] 
7. Hydrogen bond is possible in 1 

(a) ether-(b) hydrocarbon (c) water (d) alcohol. [Ans (с), (d)] 
8. Which of the following compounds is oxidised to produce methyl ethyl ketone ? к 

(a) 2-Propanol, (b) 1-Butanol (с) 2-Butanol (d) FButyl alcohol: [Ans . (c)] Ш.Т. '87] 
9. Which of the following alcohols is leastsoluble in water ? 

(а) CH4OH (b) C3H7OH (c) СНОН (d) CioHz;OH sutufAns. (d) 
10. Denatured alcohol is mainly used as a` j 

(a) drug (b) preparation of beverages (с) fuel (d) solvent'in preparing vernishes. ’ [Ans-. (d)] 
11. An organic compound on being passed over heated Cu at 300°C yields alkene, it is 

(a) anjalkane (b) an alkyne (с) secondary alcohol (d) tertiary alcohol. [Ans . (d]] 
12. Which of the following compounds are manufactured from pyroligneous acid ? 

(a) Methanol; (b): Acetaldehyde (c) Acetic,acid (d) Propanol. [Ans . (a) (с)] 
13. Which of the following on being reacted with I; and KOH yields a yellow precipitate 

(a) 2-Propahol (b) Acetophenone (c) Methyl acetate (d) Acetamide. | [Ans. (а) (b)] ГТ. /847 


14. A compound reacts with conc. HaSO4 with the formation of alkene. It can not decolorise bromine in 
CCl; but is oxidised by, chromic anhydride in, aq H2SO. readily turning it to green’then opaque. The original 
compound. is 


(a) Primary alcohol (Б) a tertiary alcohol (c) an alkene (d) ethanol. [Ans ; la) 
15. An equimolar quantity of ethyl alcohol and methyl alcohol are heated with conc. Н:50. The product is 
(a) CHsOC2Hs (b) CH3OCHS [c] C;H;OCH; (d) all ће above: , [Ans . (d)] 


[B] Fill in the blanks : үгө 
(1) Ethanol vapour is pássed over hedted Cu and the produétis treated with aqueous NaOH. The final 
product.iserm nn iis ense vo Mns n 93] 
(2) Azcotropic mixture is a -— 1 
(3) The solubility of lower alcohols in water is due to 
(4) Ethanol and phenol can be distinguished by using ---- 


(5) A diol has two hydroxyl groups on 7 C atoms 


11.7. '86] 


із 22 este 4 


ETHERS-ALKOXY-ALKANES LY 


9.1. Ethers. 

Ethers are a class of organic compounds in which an oxygen atom is bonded to two alkyl 
groups. The general formula of ethers may be represented as R-O-R' where R and R' are alkyl 
groups, which may be same or different. ‘ 

The functional group of ethers is Ec-o-c-T Ethers may be regarded as the di-akyl 
derivatives of water. 

H-O-H R-O-R' 
Water Ether 

€ Structure of ethers : 3 

In an ether molecule, ће central oxygen atom is in sp? hybridised state. The wo C-O bonds in ether are 
formed. by the overlapping of two half filled sp? hybrid orbitals of oxygen atom with the half filled 

sp? orbitals of two carbon atoms. The remaining two 

completely filled sp? orbitals of oxygen atom remain free. 

R The repulsion between the two completely filled sp? 

orbitals of oxygen atom counter-balances the repulsion 

between the two bulky alkyl groups in ether. As а result 
the C-O-C bond angle in ether becomes 110°. 

Ethers may be symmetrical or unsymme- 


rot. О 
© trical. 


AQ 

О 
p (i) Symmetrical or simple ethers : When both 
С R' the alkyl groups in an ether are same, the ether is 


called symmetrical or simple ether e.g., 


CH;-O-CH; C;Hs-O-C;Hs 
Dimethyl ether Diethyl ether 
ог Methoxy methane or Ethoxy ethane 


(ii) Unsymmetrical or mixed ethers : When the two alkyl groups inan ether are different, 
the ether is called unsymmetrical or mixed ether e.g., 


C;H;-O-CH; . C;H;-O-C;H; 
Ethyl methyl ether Ethyl propyl ether 
or Methoxy ethane or Ethoxy propane 


9.2. General methods of preparation of ethers. 
(1) By the dehydration of alcohols : 


Simple ethers are prepared by the removal of one molecule of water from two molecules of 
an alcohol. This is carried out— 


(i) By heating excess of an alcohol with conc. H2SO, at 140°C. 


apa ai HSO, 
REOR E OERD MOET SOR + HO 
Simple ether 
асе H5O, 
CHOH +Н\0-С,Н; o C,H,-O-C,H; + H,O 
2 molecules of ethanol Diethyl ether 


€ Mechanism of dehydration of alcohols by conc. H;SO, is given below : 


Сез Q à 
CHCH—OH + н = сњсњ OH, p> CHCH 
(1? carbonium ion) 
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сњонгО-н + снн, == сњснда-снњ, CH. снснбонсн, 
H 


(ii) By passing alcohol vapours over hot alumina (Al,03) at 240°С-260°С. 
АО 
С:Н;ОН + HOCH; p> CH;-O-C,H; + HO 


Ethanol Diethyl ether 
[2° and 3? alcohols under the above conditions give alkenes. 


a 


CHy-CH-CH, ase > НС ЕСН, + H,O 


170°C 
OH Propene 
2-Propanol 
СНз 
АО 
i Een aS CHE CH, + H20) 
CH; Propene 
tButyl alcohol 


(2) By Williamson ether synthesis : Both the simple and mixed ethers can be prepared 
when an alkyl halide is treated with an alcoholic solution of sodium or potassium alkoxide. 
This process of preparing ethers is known as Williamson ether synthesis. 


RONa + XR — ROR + NaX 
Alkoxide Alkyl halide Ether (mixed) 
RONa + XR тте R-O-R * NaX 
Alkoxide Alkyl halide Simple ether 
C;H,ONa + CHI ——* (CH;-O-CH; + Nal 
Sod. ethoxide ^ Methyl iodide Ethyl methyl ether: 

or Methoxy ethane 


Williamson's synthesis is a typical example of Sy2 mechanism when alkoxide ion (RO) is the nucleophile. 
The substrate being polar alkyl halide. 


RO: + R- X —> ROR X 
(3) By heating alkyl halides with silver oxide : Symmetrical ether is prepared by heating 
an alkyl halide with dry silver oxide.» 


2(R-X) + AgO ә ROR * 2AgX 
Simple ether 

2CH-Br + Ag0 —> С,Н;-О-С,Н; + 2AgBr 

Ethyl bromide Ethoxy ethane 


(4) By the action of diazomethane on alcohols : Methyl ether or methoxy alkane can 
be obtained by treating a primary or secondary alcohol with diazomethane using fluoro boric 
acid as catalyst. 

R-OH + CEN >Н В-О-СН, +N; 
Alcohol Diazo methane Methoxy alkane 


CH,CH,OH + CHN, tf, СНСН-0-СН, + № 


Ethanol Methoxy ethane 
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9.3. General properties of ethers. 3 
[A] Physical : (i) Dimethyl ether and ету! methyl ether are gases but the other members 
of this series are colourless, pleasant smelling, highly volatile liquids. 
(ii) Ethers are slightly soluble in water. This is due to the fact that, the oxygen atom in the 
ether molecule form. hydrogen bond with the hydrogen atom of water. у 
(iii) The boiling points of ethers are much less than those of the isomeric alcohols. 
(aa H bond This is due to the fact that, since there is no -OH group in ether, һе oxygen atom of the 
RO S H ether molecules can not form H-bond with each other. Due to the absence of Hbonds among 
R H ether molecules, their boiling points are much lower than the isomeric alcohols. However, 
Eher Water ethers show a gradual increase of boiling points with the increase of molecular weight. 
(iv) Since the two С-О bonds in ethers are not linear, but form an angle of 110° with each 
other (C-O-C bond angle being 1 10°), the dipole moments ofthe two C-O bonds can not cancel 
eachother. As aresult, ethers are slightly polar. However, this slight polarity of ether molecules 
have по influence on the boiling points. 


[В] Chemical : 

(1) Stability : Ethers are stable compounds as compared to the compounds having other 
functional groups. Ethers at ordinary temperature do not react with active metals like sodium 
or potassium or with strong bases like NaOH or KOH, or reducing and oxidising agents. Ethers 
are less reactive than alcohols. It does not react with Na, К unlike alcohol but an alkoxid «1 
is more powerful nucleophile than hydroxyl ion due to +1 effect of alkyl group which increases 


electron density оп oxygen atom К =>— 0:7. 


Reactions of etherial oxygen atom : 

(2) . Formation of peroxides : Ethers on prolong contact with cir or with ozone, are 
converted to unstable peroxides which are highly explosives. The formation of peroxides is 
accelerated in presence of sunlight. 


CH;CH;-O-CH;CH; * О, —> ee ӨН 


Diethyl ether оон 
Peroxide xe diethyl ether 


Since the boiling point of peroxide is higher than that of an ether, during the distillation of ether, the peroxide 
is left as residue which may cause explosion. For this reason, ethers should never. be evaporated to dryness or, 
ether should be made free from peroxide before distillation. 


© ‘Detection of the presence of peroxides in ethers : The presence of peroxides in ethers can be detected 
by shaking the ether with freshly prepared ferrous ammonium sulphate and then adding potassium thiocyanate 
solution. Formation of red colour confirms the presence of peroxide. 


The peroxide oxidises ferrous ions to ferric ions which react with the thiocyanate ions to produce the red colour 
of ferric thiocyanate. 


Another simple test of detecting peroxide in ether is to shake ether with acidified solution of KI and starch. 
If peroxide is present, it will liberate I; from iodide which becomes blue in presence of starch. 
Peroxide can be removed from ether by washing the ether with freshly prepared ferrous salt solution where- 
by the peroxide is reduced to form alcohol. au 
(3) Formation of oxonium salts (Basic nature of ethers) : Due to the presence of lone 
.. pairs of electrons on oxygen atom in ether molecule, it can donate a pair of electrons to the H* 


ions of acids. Hence ethers can react with cold and conc. H)SO, or НСІ and dissolve in these 
acids with the formation of oxonium salts. 


‘ R-O-R+ HFHSOF > [Reo HSO; 
Ether i Oxonium salt 
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This property of ether is used in removing ether from ethyl bromide by shaking the mixture 


with conc. Н,50,. This reaction is also used to distinguish ethers from alkanes as alkanes do 
not react with conc. HSO, or HCl. 


E | й 
CH,CH,—O—CH,CH; + H'HSO; —* | CH;CH;—0—CH;CH,| HSO; 
Diethyl oxonium sulphate 
+ 
cr 


Dimethyl oxonium chloride 


ee: | 
CH;—O—CH; + НС —> | CH;—O—CH, 


Oxonium salts are stable in strong acid medium, consequently on dilution they decompose 
to give back the original ether and acid. 


Due to this basic nature, ethers can form complexes with Lewis acids like BF3, AlCl, 
RMgX etc. 


ВЕ, 
R—Ü-—R'*BE = ROR 


RO R 
PRG GR КЕМЕК у MER: 
ZEEE 

RO X 


For this reason ether is used as a solvent for grignard reagent. 


Reactions involving the alkyl groups : 

(4) Halogenation : (2) Ethers on being treated with chlorine or bromine in dark, the H- 
atoms of the alkyl groups are substituted by halogen atoms with the formation of halogenated 
products. As a rule halogenation takes place at the a-carbon atoms of the ether. 


cl 
CH;CH,—O—CH,CH3 m CH;CHCI—O—CH,CH; + HCI 
a-Chloro diethyl ether 


(b) In presence of light all the H-atoms of the alkyl groups of ether are substituted to form 
perhalo ethers. 


10 Cl. 
C;H,—0—C;H; ET 3s C;Cl—O-—C;Ch + 10HCI 
Diethyl ether Perchloro diethyl ether 


Reactions involving (C—O) bonds : 
(5) With dilute H,SO,— hydrolysis of ethers : 
(i) Ethers on being heated with dilute H2SO, are converted to alcohols. 


R-O-R ERA Diso, 2ROH 
Ether Ае 
CjH.-O-C]H, + HO іно, 2C,H;OH 
Diethyl ећег `` Ethanol 


(ii) With conc. Н›$О„ ether yields alkyl hydrogen sulphate. 
ROR + -2H;SO0, — —*. 2RHSO, +) HO 
Ether Alkyl H.sulphate 
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(6) With PCl; : Simple ethers on being heated with phosphorus penta chloride yields 
single alkyl chloride, but mixed ethers gives two different alkyl chlorides. 


C,H,-0-C;Hs + PCls ==» 2СН,С1 + РОСЬ 


Diethyl ether Ethyl chloride 

(simple ether) 

CHEO CH + PCh > C;HsCI + СЫС! + РОС» 
Ethyl methyl ether Ethyl chloride Methyl chloride 

(mixed ether) 


(7) With HI or HBr : 
(i) Cold HI or HBr reacts with ether to produce an alcohol and an alkyl halide. 
In case of mixed ether the halogen atom attaches itself to the smaller alkyl group. 


С›Н;-О-С;Н; + HI — CHI + С:Н;ОН 
Diethyl ether Ethyl iodide Ethanol 
C;H,-O-CH, + 2HBr —» C,H;OH + CHjBr 

Ethyl methyl ether Ethanol Methyl bromide 
(mixed ether) 


Mechanism : At first the ether reacts with halogen acid to form oxonium salt. 


H ы 
" | 
RO HTX — К x 
Ether Oxonium solt 
IF the alkyl groups are primary, the halogen ion attacks the smaller alkyl group by 52 mechanism. 


H 
eden +X 292. RR + ВОН 


se Ris smaller alkyl gr. 
Syl mechanism is favoured in case of a secondary or tertiary alkyl group. 
H 
| 
ROR, M. R + ROH; RaX —> R-X. 


Y^ 
(ii) Ethers react with excess of halogen acids when heated, to produce two molecules of 
alkyl halides. 
R + 2HI —> 2RI + HO 
C;H,-O-C)H, + 2H] —> 26:1 + HO 
Diethyl ether Ethyl iodide 
With halogen acids, the order of reactivity is HI > HBr > НСІ. This is because CF is very 
weak nucleophile and hence can not cleave ether. 
(8) With acid chlorides : In presence of anhydrous ZnCl; or AlCls, ethers react with acid 
chloride to produce alkyl chlorides and esters. 
R-OR' + RCOCI EL, RCI + RCOOR' 
a Alkyl chloride Ester 
C;H,-O-C;H, + CH;COCI Ж. C;HsCI + CH,COOC;H; 
Diethyl ether Acetyl chloride 2 Ethyl chloride Ethyl acetate 
With acid anhydrides only esters are produced. 
CH,CO 20, 
C;H,-0-C;Hs + снсо 20 =% > 2CH;COOCHs 


Acetic anhydride Ethyl acetate 
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(9) With carbon monoxide : At high temperature and pressure (500 atm) in presence of 
BF, and moisture as catalyst, ether reacts with CO with the formation of esters. 


CH;—O—C>H; + CO — CH4COOCHHS 
Ethyl acetate 
(10) Combustion : Ether is highly inflammable. It burns in air with the formation of 
CO; апа H,0. 
C;H.—0—C;H; + 60; — 4CO; + 590 


e DIETHYL ETHER— ETHOXY ETHANE ® 

Diethyl ether is an important member of ether series. 
9.4. Preparation of diethyl ether. 

(1) Laboratory method : 

[A] Principle: Diethyl ether is prepared in the laboratory by heating an excess оў ethanol 
with conc. Н,504 at 140°C. The reaction takes place in two steps. 

(i) In the first step ethanol reacts with conc. H504 at 100°C to produce ethyl hydrogen 
sulphate. 


CHCH [OAH] HSO, => CH;CH:HSO, + H:O 
Ethanol Ethyl H. sulphate 
(ii) In the second step the produced ethyl hydrogen sulphate reacts with excess of ethanol 


at 140°C to produce diethyl ether. 


CH,CH.ÍHSO, + H}OCH;CHs > CH;CH;-O-CH:CHs + Н:$О, 
Ethyl H. sulphate Ethanol Diethyl ether 


Since H,SO, is regenerated at completion of reaction, the produced H;SO, can convert a fresh quantity of 
ethanol to ether. This process goes on continuously. Hence this method of preparation of ether is called the 
continuous etherification process. 

[B] Procedure : (i) 2 volumes of ethanolis taken ina distillation flask and about / volume 
of conc. H5O, is added to it slowly with shaking and cooling. The flask is then fitted with a 


Fig. 9.1 : Preparation of diethyl ether 
dropping funnel and a thermometer. (ii) The side tube of the distillation flask is attached to a 
Leibig’s condenser which is cooled by circulating ice-cold water. (їй) The other end of 
condenser is attached with a receiving flask by means ofan adaptor. The receiving flaskiskept 
on ice-cold water. The side tube of the receiving flask is joined to a rubber tubing which is led 
into the sink. In this way, the highly inflammable ether vapour is prevented to come in contact 
with the bunsen flame. (v) Ethanol is taken in the dropping funnel. (у) The distillation flask is 
now heated on а sand bath and the temperature is maintained at 140°C. (vi) Ether distills over 
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and collects in the receiving flask as liquid. (vii) Fresh alcohol is added from the dropping 
funnel at the same rate at which ether distills over from the distillation flask. 


[C] Purification : Ether thus produced is not pure but is contaminated with unreacted 
alcohol, sulphurous acid. (i) The impure ether is taken їп a separating funnel and is shaken with 
caustic soda solution whereby sulphurous acid is removed from ether. The alkali solution forms 
the lower layer and ether forms the upper layer. The lower layer is drawn off. (ii) The upper 
layer is now shaken with concentrated solution of sodium chloride to remove the dissolved 
alcohol from ether. (iii) The ether layer being separated is washed with water, dried over 
anhydrous calcium chloride and redistilled at 34°-38°C on water bath. (iv) The last traces of 
water from ether is removed by adding few pieces of metallic sodium. 

e Inthe continuous etherification process, sulphuric acid is regenerated, but in practice, it is necessary to 
add fresh conc. HSO, from time to time— explain why. 

Fresh nc. H;SO is added because of the fact that (i) a portion of H2SO, is lost due to its reduction to form 
SO». (ii) During the formation of ether, water is also produced. This water dilutes the HSO:. 

(2) By Willamson ether synthesis : 

Di-ethyl ether can also be prepared by treating ethyl iodide with an alcoholic solution of 


sodium ethoxide. 
C;H,ONa + ICH; — C,H;-O-C,Hs + Nal 


Sodium ethoxide Diethyl ether 
Alcoholic solution of sodium ethoxide and ethyl iodide are taken in a flask and the mixture 
is refluxed for about two hours when sodium iodide is precipitated which is separated by 
filtration. Next, ether is separated from alcohol by fractional distillation. 


(3) By the action of dry Ag;O on ethyl iodide : Diethyl ether is prepared by heating 
ethyl iodide with dry silver oxide. 


леи To 1 
КЫ + Agı|0 —> СН;-О-С,Н,; + 2Agl. 
ЕЕЕ J Diethyl eth 
Ethyl iodide ee 


(4) Diethyl ether can be prepared commercially by passing ethanol vapours under 
pressure over heated alumina (catalyst) at 250°C. 


А} 
2C,H;0H C;H,-O-C;H; + H20 


Ethanol vapour Diethyl ether 
9.5. Properties of di-ethyl ether. 


[A] Physical : Diethyl ether is a colourless, neutral and highly volatile liquid (b.p. 345°C). 
It has a pleasant smell with burning taste. It is slightly soluble in water. It is lighter than water. / 
On prolonged inhalation of its vapour causes anaesthesia. 

[B] Chemical : 

1. Stability : Diethyl ether is a stable compound as compared to alcohol. Diethyl ether does 
-not react at ordinary temperature with active metals like sodium or potassium or with strong 
bases like NaOH or KOH. 

2. Formation of. peroxide : auto-oxidation : Diethyl ether on prolong contact with air is 
converted to peroxide of diethyl ether which is very unstable and highly explosive. The 
formation of peroxide is accelerated by sun light. 

CH.CH;—0—CH;CH;-* 0; — CH3CH—O-—CH;CH; 


у оон 
Diethyl ether Peroxide of diethyl ether 
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Since the b.p. of peroxide is higher than that of diethyl ether, during the distillation of an old sample of ether, 
- the peroxide presentin itis leftas residue which may cause explosion. For this reason ether should never be distilled 
and evaporated to dryness. Hence diethyl ether is always made free from peroxide before distillation. 

Presence of peroxide in diethyl ether can be detected by shaking the ether with freshly prepared ferrous 
ammonium sulphate and then adding potassium thiocyanate solution to it, Formation of red colour confirms the 
presence of peroxide. 

The peroxide oxidises Fe?* ions to Fe? ions which react with CNS- ions of KCNS to produce the red colour 
of ferric thiocyanate. 

Peroxide can be removed from diethyl ether by washing it with freshly prepared ferrous sulphate solution 
whereby the peroxide is reduced to form alcohol. 

To prevent the formation of peroxide, ether should be kept in dark place in a narrow mouth coloured bottle 
covered by black paper. The mouth of the bottle should be well sealed. 

3. Formation of oxonium salts— basic nature of ether : Duc to the presence of lone pairs 
of electrons on oxygen atom in the molecule of diethyl ether, it can donate a pair of electrons 
to H* ions of acids with the formation of oxonium salts. Thus di-ethyl ether dissolves in cold 
and conc. H)SO, or НСІ to form oxonium salts. 


2. NS 
C;H.—Ó—C.H, + H'HSO; —> [сн,—о—сн,| HSO; 
Di-ethyl ether oxonium sulphate 


A | * 
C,Hs—O—CoHs + HC a ae [с.н,—о—сн, cr 
Di-ethyl ether oxonium chloride 


4. Halogenation : Diethyl ether on being treated with chlorine or bromine in dark, the 
hydrogen atoms of the alkyl groups are substituted by halogen atoms with the formation of 
substituted products. Halogenation takes place at the a-carbon atoms of ether. 


| 
CH;CH;,—0—CH;CH; A CH,CHCI—O—CH,CH; + НСІ 


a-Chloro diethyl ether 
а, 
` CH;CHCI—O—CH;CH; —— CH,CHCI—O—CHCI CH; + НСІ 
о, a-Dichloro diethyl ether 
In presence of light, all the H-atoms of the alkyl groups of ether are substituted to form 
perhalo di ethyl ether. light 
C;H,—0—C;Hs + 10Cl, ———> C,Cl,—O—C,Cl; + 10HCI 
Di-ethyl ether Perchloro diethyl ether 
5. With dil. H,SO, : Diethyl ether when heated with dilute Н,50,, undergoes hydrolysis 
with the formation of ethanol. i rn 
C;H,—0—C;Hi + HO —— 2C HOH 
А 
Ethanol 


With conc. H3SO, yields ethyl hydrogen sulphate. 
C;H,—0— CH; + 29,50; —» 2C;H5HSO, + H;O 
Ethyl H sulphate 
6. With Halogen acids : Conc. HI or HBr reacts with diethyl ether at 0°С to produce ethyl 
halides and ethanol. 
.CH,CH,—O—CH;CH, + НІ — CHI + C;H;OH 
Ethyl iodide = Ethanol 
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With hot and conc. HI or HBr, diethyl ether yields alkyl halide only. 
C4H,—0—C,Hs + 2HI > 2C;Hsl + н.о 


7. With PCls: Phosphorus penta ch loride 
when heated to give ethyl chloride and POCI;, 


to prove that ether does not contain -OH group. 
C;H,—0—C;H; + PCl; 2 2C;HsCI + POCI; 


8. With acetyl chloride : (1) In presence of anhydrous ZnCl, 


diethyl ether producing ethyl chloride and ethyl acetate. 


ZnCl 
CH;CH,-O-CH,CH; + CH;COCI > 25 CHCl 
Ethyl chloride 


Diethyl ether 


Acetyl chloride 


(ii) With acetic anhydride only ethyl acetate is produced. 


C;H;-O-CHH; + 


CH,CO 
Acetic anhydride 


e Uses of diethyl ether : 
Ether is extensively used as— (i) a solvent for fats, resins etc., (ii) as an anaesthetic in 
surgery, (iii) as refrigerant, (iv) as an inert medium for organic reactions. 


does not react with diethyl ether in cold, butreacts 
No HClis produced in this reactions which goes 


acetyl chloride reacts with 


+ CH;COOC;H; 
Ethyl acetate 


CHICO ~o is1 2CH,COOC;Hs 
Ethyl acetate 


e Chemical tests to distinguish between ether and methanol. 


Test 


| Ether 


Methanol 


with metallic Na. 


1. The given sample is treated | No reaction tokes place. 


| Methanol reacts with metallic 
Na to form sodium methoxide 
with the evalution of H; gas. 
2CH,OH + 2Na > 2CH;ONa 
+H, 


2. Oil of winter green test : 
The sample is treated with 
salicylic acid in presence. of 
conc. H;SO,. 


—- 


No characteristic smell is obtained. 


| 


Methyl salicylate is formed 
which has a smell of iodex (oil 
of winter green). 


H,SO, 


Boiss epp tse, 

COOH A 

CL. + HO 
COOCH, 


3. The sample is taken in a test 
tube and water is added to it. 


The sample does not dissolve in 
water but forms two layers, the 
upper layer being ether and 
lower layer water. 


| 


Thesampleis completely miscible 
in water— no layers are formed. 


e Chemical tests to distinguish ether fom ethanol. 


Test 


T—— 


Ether 


+ 


Ethanol 


1. The given sample is treated 
with metallic sodium. 


No reaction takes place— Hz gas 
does not evolve. 


Ethanol reacts with metallic Na 
to produce sodium ethoxide 
with the evolution of Hz gas. 
2С.Н:ОН + 2Na — 2C,H;ONa 
+ H2 
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Test 


Ether 


Ethanol 


2. The sample is mixed with | 
glacial acetic acid and heated 
in presence of conc. H;SO,. 


No characteristic smell is obtained. 


3. lodoform test : The sample is 
added to an aqueous solution 
of NaOH and |, and the mixture 
is heated. 


d 


No yellow ppt is formed—the 
characteristic: smell of iodoform is 
not obtained. 


Ethanol reacts with glacial acetic 
acid with the formation of ethyl 
acetate which has fruity smell. 
CaHsOH + СНСООН > 
CH;COOC:H; + НО. 


Light yellow ppt. of iodoform 
having a characteristic smell is 
obtained. 

CHOH + 4b + 6NaQH > CHI; 


4. The sample is taken in a test 
tube and water is added to it. 


+ HCOONa + 5Nal + SHO. 
ast | The sample does not dissolve in water The sample is completely mi scible 


but forms two layers-the upper layer 
being ether and lower layer water. 


in water and so no layers are 


formed. 


© Chemical tests to distinguish chloroform from ether : 


Test 


Ether 


Chloroform 


1. Carbylamine reaction : 

The sample is treated with 
aniline in presence of alcoholic 
KOH. 


T 


No reaction occurs— strong 
disagreeable smell of phenyl 
isocyanide is not obtained. 


2. The sample is shaken with 
conc. H504. 


Ether dissolves in it-with the 


li formation ethyl H. sulphate. 


3. The sample is taken in a test 
tube and water is added ot it. 


The somple does not dissolve in 
water but forms two layers—the 


Chloroform does not dissolve. 


А strong disagreeable smell of 

phenyl isocyanide is obtained. 

CHCl,  C4H4NH; + 3KOH ^ 
C,HsNC + 3KCI + ЗНО. 


The sample does not dissolve but 
forms two layers, the lower layer 


upper layer being ether and lower | being chloroform and upper 
water. layer water. 
aa 
© The differences in the properties of ethanol and di-ethyl ether : 
Properties Ethanol Diethyl ether 
1. Structure CH;-CHz-OH CH;-CH,-O-CH,CH3 
2. Boiling point _| 78°C 34.5°С | 
س‎ | 
3. Functional group -OH [-C-O-C-] 
4. Solubility in water T Miscible in waterin all proportions. Slightly soluble. 
5. With Na | Sodium ethoxide is produced with | Does not react with Na. 
the evolution of H2. 
6. With PCls Гам chloride, POC and HCl are Ethyl chloride and РОС are 
obtained. obtained— HCl is not produced. 
7. With HI Produces СНА. On being heated Produces C; Hsl and C;H«OH. On 
is reduced to produce ethane. being heated only СН: is 
produced. 
— T 
8. Oxidation Converted to acetaldehyde. Not easily oxidised. 
9. With conc. Н;$О, At 100°C C,HsHSO, is produced. C,HsHSO, and CzHsOH are 


At 170°C itis converted to ethylene. 


produced. 


10. With NaOH and lz 


lodoform is produced having a 


characteristic smell. 


No reaction takes place. 
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€ Some inter conversions : 
1. Methanol from dimethyl ether and vice versa. 


сні 
сн,_о-сњ E> CHOR- CH,ONa > CHs-O-CH; 


Dimethyl ether under pressure - Methanol Sod. methoxide Dimethyl ether 
2. Ethanol from di ethyl ether and vice versa. 


CHa 
снуо-сун, ES oo CH ONa > Сун,-О-С,Н, 
Diethyl ether MC Ethanol Sod: ethoxide Diethyl ether 
3. Butane from diethyl ether. 
C;H;-O-C;Hs A Сну a СН, 
Diethyl ether ` Ethyl iodide Butane 
4. Chloroform, ethylene, acetylene, acetaldehyde from diethyl ether. 
Dil HıSO, CofOci}c! Ag dust 


CiHs-O-C)Hs к,” C)H,-0H.— > CHC] д» HE =CH 


Diethyl ether "е Ethanol Chloroform Acetylene 
gil Conc. H$0, но | RSS. 
170°C не" 
HC = CH снсоон A coco 
Ethylene Acetic acid Acetaldehyde 


5. Methane from diethyl ether. 
At first ethanol is produced as shown in 2, then proceed as follows— 


[0] 
СНОН eo 80; 
Ethanol 


> CH;CHO 
Acetaldehyde 


> CH;COOH 
Acelic acid 


CH, 
Methane 


ид: шык 
Sodalime A 


K,Cr,0,/H,SO, 


(Reaction) 
ROH + HOR : УО; Combustion CO;3:H)O 
Dehydration of 740°C 
- -alcohol T 
i aE ы ы 
ЕХ + RX Ago cohol + alkylhalide 
Alkyl halide Heat RCI 
LE fk >| Alkyl chloride 
а+ ЕХ f ae 
ы K Williamson Pn ahh ST TD) 
|| Alkoxidet 15 - ZnCl, RCOOR + RCI 
Alkyl halide e FRCOC > Ester + Alkyl chloride 
ROH ALO, + Acetic ZnCl, CH,COOR 
Dehydration ^ | 250C 7 «яе [Оси еу е || 
элн О-Н. 
ON OOH 
Peroxide 
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€ Some problems on the reactions of ethers : 

1. Two volatile organic compounds give the following results on analysis; С =52`2%, Н = 13%, O = 34'8. 
The vapour density of both the compounds is 23. Assign structural formula of these two compounds and 
describe the action of metallic Na on each of them. 


Ans: 
Amount in| Ratio of the | Ratio of the no. of atoms 
Percent no. of atoms | + smallest No of the ratio 


Elements 


Simple ratio | Empirical formula 
of atoms | ofthe compound 


© 52.2 52`2/12 = 4:35 435 +217 =2 2 
H 13 13/1213 13421726 6 |o CHO 
[e] 348 348/162217 217+217=1 1 


Let the molecular formula is (С:Н;О),, where п is a whole number. 

*. The molecular wt. = 12 x 2n + 6 x n + 16n = 46n 
The molecular wt. obtained from vapour density = 2x 23 = 46. 

. 4ón- 46 or п=1 

. The molecular formula of the two compounds is C;H4O. ` 
CHO can represent two isomeric compounds e.g., ethanol C;H4OH and dimethyl ether CH3-O-CH;. 
Reactions : Metallic Na reacts with ethanol with the formation of ethoxide and Нз. 

2C;H.O-H + 2Na — 2C;HsONa + Hz 

Metallic Na does not react with dimethyl ether. 


2. A compound (X) containing С, Н and О is unreactive towards Na. It does not add bromine. It does not 
react with Schiff/s reagent. On refluxing with excess of HI, (X) yields only one organic product (Y). On hydrolysis 
of (Y) yields a new compound (Z) which can be converted to (Y) by reaction with red P and lz; The compound 
(Z) on oxidation with KMnO, gives a carboxylic acid the eq. wt. of which is 60. Identify (X), (Ү] and (2). 

Ans : (X) does not react with metallic Na, so it is not alcohol. It does not add Bra, consequently itis not an 
unsaturated compound. It does not react with Schiff's reagent, so itis not an aldehyde. Being refluxed:wilh excess 
of HI (X) produces only alkyl iodide which is (Y). So the compound (X) is an ether. The productalkyl iodide (Y) 
on being hydrolysed produces alcohol (2) which is converted again to alkyl iodide (Y) by its reaction with red P 
and iodine. The produced alcohol on oxidation by KMnO, yields a carboxylic acid whose equivalent wt is 60. 
The equivalent wt. of acetic acid is 60, so the produced acid is CHyCOOH. Acetic acid is obtained by the oxidation 
of ethanol C;H3OH. 

s (Nis diethyl ether CoHs-O-CH;, (Y) is ethyl iodide СУНУ, (Z) is ethanol C;H;OH. 


Reactions involved are— 
aqueous 


C;Hs-O-C;Hs + 2H} ——* 2C2HsI + НО Сну + NaOH. s> C;HsOH  Nal 
x) (Ү) (zi 
(e) 
C;H3OH —— CH3COOH 


Acetic acid 


© Methoxy ethane forms methyl iodide and ethanol but not ethyl iodide and methyl alcohol, when reacts 
with HI. Explain why ? 
Ans : The formation of oxonium ion from methoxy ethane by H* is shown below, 
H 
ye | 
CH3—— O-CH;—*—CH; + Q —> CHj—'0-CHj—4 CHa + Г 


The second step is the attack by the nucleophile I either on СНз group or on -CH; group. It depends upon 
whether former has larger positive charge or the latter. СНз group has larger positive charge but the positive 
charge on CH; group is largely neutralised by-the СНз group attached to it. Hence F preferentially break 
CH3;—O bond rather than O—CH; bond. 

i> сн—0—Сњ —— CH, ——> CHj + СНСНОН 
H 
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ө Questions e 


1. What are ethers ? What is the functional group of ethers ? я 
2. Suggests two different methods by which ether can be obtained from ethanol. Prove that ether is an 
anhydride of alcohol. 
3. Give the laboratory method of preparation of di ethyl ether. What impurities are likely to be present in 
this ether ? How would you remove these impurities from ether ? [WBHS '89] 
4. How does diethyl ether reacts with the following reagents ? 
(a) air/long contact, (b) Cold and conc. HSO,, (с) PCls, (d) Hat and conc. НІ. 
5. Write short notes оп: 
(a) Williamson synthesis, (b) Symmetrical and unsymmetrical ethers, (с) Continuous esterification process, 


(d) Metamerism. 
6. Write the structural formulae of all the isomeric compounds that can be represented by the molecular 


formula СН О. [I.L.T. ^84] 
7. How will you bring about the following conversions : 
(a) Diethyl ether from ethyl iodide, [I.S.C. ’90] (b) Diethyl ether from ethanol, 
(с) Diethyl ether from ethylene, (d) Methanol from diethyl ether, 
(e) Acetaldehyde from diethyl ether. (h iiia eis from methanol and 2-propanol. 
CH; 
8. Give chemical tests (2) to distinguish between the following pairs of compounds : 
(a) Ethanol and diethyl ether, (b) Methanol and diethyl ether, 
(c) Chloroform and diethyl ether, (d) Diethyl ether and dimethyl ketone, 
(е) Diethyl ether and ethyl acetate, (f) Diethyl ether and n-butanol. 


"9. Describe with equations what happens when : 
(a) Ethyl chloride is treated with an alcoholic solution of sodium ethoxide. 
(b) Excess of ethanol is heated with conc. H;SO, at 140°C. 
(c) Diethyl ether is treated with HI at O*C. 
(9) Diethyl ether is treated with acetyl chloride in presence of anhydrous ZnCl. 
(е) Ether is heated with PCI... 
(f) Ether is boiled with H2SO, with pressure, 
(g) Methanol is treated with metallic sodium and the product is reacted with methyl iodide, 
(h) Diethyl ether is heated with excess of conc. HI and the product is treated with aqueous soln of NaCH. 
(i) Diethyl ether is dissolved in cold and conc. Н;5О,. 
i) Diethyl ether is treated with Cl; in dark. 
(k) Diethyl ether is exposed to air for a long period. 
10. Explain why : 
(a) Ether is stored in dark place in a coloured bottle wrapped with a block paper. 
(b) Ether can be dried by CaCl; but not ethanol. 
( The molecular formula of ethanol and ethoxy ethane though same, the b.p of ethanol is much higher 
than that of ethoxy ethane. 
' (d) Presence of acid is necessary for the cleavage. 
(е) Sometimes explosion takes place while distilling ether. 
(f) Ethyl bromide is freed from ether by shaking it with conc. HjSO,. 
(g) Diethyl ether behaves as a base. 
(h) Grignard reagent is soluble in diethyl ether. 
(i) Ethanol is miscible in water but ether is slightly soluble in water. 
11. (а) How will you detect the presence of peroxide in a sample of ether ? 
(b) How is о, a-dichloro ether is prepared ? 
(c) How will you remove the peroxide from a sample of ether ? 
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(d) Which ether produces both ethyl iodide and methyl iodide by its reaction with HI ? 

le) Give an exomple to show that ether behaves as a base. 

(f) How will you prove that diethyl ether does not contain -OH group ? 

(g) How would you prevent the formation of peroxide in a ether ? 

(h) Н;5О, is produced during the preparation of diethyl ether by the action of excess of ethanol on conc. 
H2SOx at 140°C. Inspite of that, why fresh H2SO, is added from time to time to continue the reaction ?. 


12, Name the reagents I-VI for the following conversions— 
(а) RCHOH > RCH, +» RCHz-O-CHAR 
+ 


(b) CoHsOH. > CHOCH; > CHs-CHO-CHeCH, HSO; 
H 


(e) њон ict CH O-CHs => CHsCOOCHs 


13. Idenfily A, B, C elc. 
lachon =>> pey [В] е: 2100 [C] : 
(b) RX “POs [a] > [8] OH, [c] 


le) GHeO-C;Hs —— [B] 


(d) CHsCHy-O-CH;CH; + Cl, > [я] 


14. Write the structural formula of each isomeric ether of the formula CsH,20 and identify each structure by 
IUPAC nome and the common name. 
| Ans : (a) СН;СН;СН;-О-СН;СН; (1-ећоху propane or ethyl n-propyl ether) 
(b) CHyCH2CH,CH2-O-CH; (1-methoxy butane or methyl n-butyl ether) 
(с) fir CIO CHC (2-ethoxy propane or ethyl iso propyl ether) 
CHa 
(9) Chi-CH-CH-O-CH (2-тећоху butane or methyl-sec-butyl ether) 
CHa 


Hs 

(е) CHrc-o-CHs (2-methoxy-2-methyl propane or methyl tert-butyl ether) 

CH; 
(В CHy-O-CH;-CH Gal (1-methoxy-2-melhyl propane or methyl iso butyl ether) 

b 
€ Objective type of questions : 
(A) Select the correct answer(s), 
(i) Ethanol on being treated with conc. H;SO, may give— 
(а) only diethyl ether, (b) only ethylene, (c) only diethyl sulphate, (d) all Һе above: ` (Ans. (d)] 

(ii), Diethyl ether reacts with— 


(a)H2SO,, (bJ HCI, (НІ, (d) Acetic acid. [Ans. (a), (b), (d)] 
(iii) Diethyl ether on heating with conc. HI gives two moles of— 
(a) ethanol, - (b) iodoform, {c} ethyl iodide, (d) methyl iodide. [Ans. (c}] 


(iv) Diethyl ether in which peroxide is present, when added to freshly prepared ferrous ammonium 
sulphate followed by the addition of KCNS the resulting solution turns 
(a)red,  (b) white, (c)blue, (9) green. [Ans. (a]] 
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10.1. Aldehydes and Ketones. 

Both aldehydes and ketones contain carbonyl group [>C = О]. It is this group, which by 
and large determines the chemical properties of aldehydes and Carbonyl „Carbonyl 
ketones and accounts for many similar reactions of aldehydes and ( сер f ۱ 
ketones. In a carbonyl group the carbon and oxygen atoms are „со 
bonded together by a double bond. Carbonyl group 

(i) In aldehydes; the carbonyl carbon is bonded to one hydrogen atom giving rise to 


E = 9 group. The other valency of the carbonyl carbon is bonded either to another 
H 


hydrogen atom (e.g., formaldehyde) or to one alkyl group. The functional group of aldehydes 


is 


Thefunctonsl BOTO Ce So SERI 
inctional grou| n 
dude LEER H H 
Aldehyde Acetaldehyde Propionaldehyde 


(ii) In ketones, the carbonyl carbon atom is bonded to two alkyl groups, which may be 
similar or dissimilar. The functional group of ketones is С = О]. 


г 1 , ud кы 
il group E where, R and R CEET GHC о 


p CH; CH; 
R Acelone Ethyl methyl ketone 
Ketone (Having same ^ (Having different alkyl 
alkyl groups) groups) 


Due to the presence of carbonyl group in both aldehydes and ketones, they exhibit close 
similarity in many reactions, though aldehydes are usually more active. Nevertheless, 
aldehydes and ketones have differences in some of their properties. The main differences are— 

(i) Aldehydes are readily oxidised to carboxylic acids but ketones are not easily oxidised. 
As a result aldehydes are reducing agents. 

(ii) Aldehydes can reduce Fehling’s solution and Tollen’s reagent, whereas ketones are 
incapable of reducing these reagents. 


(iii) In addition reactions, the aldehydes are more active than ketones. 
(iv) Aldehydes exhibit chain and functional isomerism. 
(a) Functional isomerism : 


Е 

!СУНО i > CH;CH,CHO, CH;COCH3, CH, = CHCH;OH 

E Propanal Acetone Allyl alcohol 
woe ке : Butanal and 2-methyl propanal are chain isomers. 

| CHO! E CHCHCH rat =O CH,—CH—C = 0 

Віа | | 
H CH; Н 
Butanol 2-Methyl propanal 


Ketones exhibit chain, functional isomerism and metamerism : 
(i) Functional isomerism : Propanal and acetone are functional-isomers. (shown above) 
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(ii) Chain isomerism : Methyl propyl ketone and 3-methyl-2-butanone are chain isomers. 


CIGCH;CHL M -0 UNUM T =0, 
СН» CH, CH; 
Methyl propyl ketone 3-Methyl-2-butanone 
(iii) Metamerism : Methyl propyl ketone and di ethyl ketone are metamers. 
CH;CH;CH:—C 6 eC =0 
CH; СН; 
Methyl propyl Кеюпе Di ethyl ketone 


e The structure of carbonyl group : 

Like the Œ =C bond of alkenes, the C = О bond in aldehydes and ketones is formed by one 
sigma (о) and one pie (л) bond. The carbon and oxygen atoms in the carbonyl groüp are in sp? 
hybridised state. The sigma (0) bond between carbon and oxygen 1 2 л. bond 
atom of 2C = О group is formed by the overlapping of an sp? orbital Jg 
ofcarbonand sp? orbital of oxygen atom. The z bond is formed by 120° EE 
the sidewise overlapping of unhybridised suitable p orbitals of ê bond 
carbon and oxygen. The other two sp? orbitals of carbon atom forms с bonds either with 5 
orbital of hydrogen atom or sp? orbital of the carbon atom of alkyl group. The two unshared 
pair of electrons of oxygen atom occupy the sp? hybrid orbitals of oxygen. 

Since the carbon atom of the carbonyl group is sp? hybridised, these’ obonds lie in the same 
plane and the bond angles between the attached atoms are approximately 120°. 

It should be noted that the carbon-oxygen double bond in carbonyl group is different from 
the C = C double bond in alkenes. Because of the more electro-negative oxygen atom, the л 
electron-cloud is pulled more towards the oxygen atom. Asaresult, oxygen atom gains a partial 
negative charge (5) and carbon atom a partial positive charge (8^) with the formation of 
polarised С- О bond. The high values of dipole moments of aldehydes and ketones can be 
accounted for, if the carbonyl group is a resonance hybrid of the following two structures. 

" ee 
ەد‎ ye <—> >C—0 
Polarity due to resonance 

One important point is to be noted that, though hydrogen atom is attached to sp? carbon, itis not acidic. This 

is because that the resultant carbanion formed by the loss of H* from > C= О group is not resonance stabilised. 


This explains why, when NaOH reacts with RCHO it is the hydrogen atom of alkyl group is removed leading 
(unstable carbanion) to stable carbanion. 


HQ = FH + Сб 
The carbonyl group undergoes nucleophilic addition reactions whereas the C = C double 
bond in alkenes undergoes electrophilic addition reactions. ; 
10.2. General methods of preparation of aldehydes and ketones. 


(1) Oxidation of alcohols : 
[A] (i) Aldehydes are prepared by the controlled oxidation of primary alcohols by heating 
with an acidified solution of K;Cr;0; or KMnO,. 
mm 1 


Spero po OVA 
Rg ec 67 + HO 


Pr. dléchol Aldehyde 


250 ELEMENTS OF CHEMISTRY 


[О]5 
CH,CH,CH,OH TE 
Ргора 
CH;CH,OH peti Nh 
еп H+ 
d K;Cr;O;/! 


CH,CH—C-0 + ЊО 
H 
Propanal 
CHC =0 + HO 
H 
Acetald 
or еу : 


[Since an aldehyde is readily oxidised to carboxylic acid, to prevent the further oxidation, the produced 
aldehyde, must be removed from the oxidising mixture as soon as it is formed. This is done by distillation. 
Consequently, this method of preparation of aldehyde is suitable under the following conditions : 

(a) The aldehyde which is to be prepared must have lower boiling point i.e., less than 100°C. 

(b) The aldehyde must have lower boiling point than the alcohol from which the ‘aldehyde is to be 


prepared.] 


(ii) Aldehydes can also be obtained by passing a mixture of alcohol vapour and air over 
silver catalyst heated to 600°C when the primary alcohol is oxidised to give aldehyde. 


RCH;OH + О, (air) 
Pr. alcohol 


CURT EUER: =0+H,0 
‘Ag catalyst Үт 1119 
н 


Aldehyde 


[B] (i) Ketones are prepared by the oxidation of secondary alcohols by К;Ст;Оу and conc. 


H,SO, at boiling temperature. 


H 
Seen gel edi uda 


KCr,O/H* 
Sec. alcohol 
[O]^ 
CH E Ch guo, 
OH 
2-Propanol 


R—-¢ =O + ЊО 
R 


Ketone 


CHC =O + НО 


CH; 
Acetone or 


2-Propanone 


Since the further oxidation of ketones is not possible easily, the yield of ketone by this 


method is high. 


(ii) By Oppenauer oxidation : When an appropriate secondary alcohol is refluxed with 
excess of acetone in presence of aluminium tertiary butoxide [(CH3)sCO]3Al the secondary 
alcohol is oxidised to ketone and acetone is reduced to give isopropyl alcohol. 


R—CH—OH + CHC = O 


К CH; 
2° Alcohol Acetone 


[(CHs)sCO},Al 
A 


R—C=0 + CH—CHOH . 
R' CH; 


Ketone 2-Propanol 


[(Сн.),СОЬА! 


CH;CH;CH(OH)CH; 
2-Butanol 


CH,COCH; 


CH;CH,COCH; + CH;CH(OH)CH; 


2-Butanone 2-Propanol 
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(2) By Catalytic dehydrogenation of alcohols : 


(i) Aldehydes : When vapours of primary alcohols are passed over copper catalyst heated 
to 300°C aldehydes are obtained. 


H 
| Су 
RCH а E 
P = Ix Que total 
1° Alcohol Aldehyde 
Chicmo > CHC=04H,1 
Ethanol S 


TH 
Ethanol 
(ii) Ketones : Vapours of secondary alcohols on being passed over copper catalyst heated 
to 300°C yield ketones, 


H s 
| Cu 
um Tenes RC =O +Н,1 
2° Alcohol Ketone 
Cu ; 
CH;—CHOH 7300€. Сн =0+ Hî 
CH; CH; 
2-Propanol Acetone or 


2-Propanone 

(3) By the oxidation of alkenes : Aldehydes and ketones are obtained by the ozonolysis 
of appropriate alkenes. The produced HO; as a result of hydrolysis, is destroyed by Zn dust 
to prevent the further oxidation of aldehydes. 

(i) Aldehydes : 

о 
l |. Zn+ HO 
CH;CH,CH'= СН, + О, э CH;CH,CH-O-CH, ———> CH;CH;CHO +; HCHO + НО, 
1-Butene Ozonide Propanal | Methanol 
This is not a good method for the preparation of aldehydes, since in case of unsymmetrical alkenes as above, 


а mixture of carbonyl compounds are produced. However, in case of symmetrical alkenes only one carbonyl 
compound is produced e.g., 


Y Zn+H 
HC = CH; + O; 4 борк +, HCHO + ЊО, 


Ethylene Formaldehyde 
(ii) Ketones : Ketones are obtained by the ozonolysis of RC = CR; type of alkenes. For 
example, O о 
CH,—C = CCH; + 0; > но CCH, 2589, 2 СЫ СОСН, кН, 
CH;CHs CH, CH; Acetone 
2, 3-Dimethyl-2-butene Ozonide 


(4) By Rosenmund reduction— Reduction of acid chlorides : Aldehydes can be 
obtained by the partial reduction of acid chlorides in boiling xylene by hydrogen, in presence 
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of palladium catalyst suspended in barium sulphate. Aldehydes thus formed are easily reduced 
to give primary alcohols. This is prevented by poisoning the catalyst partially by means of little 
sulphur and quinoline. x 


Pd/BaSO, 
R—COCI +H, "$4 quinoline RCHO + HCI 
Acid chloride’ di Aldehyde 
y Pd/BaSO, "3 
CH; =O+H, ИДЕЕ CEE = O+ HCl 
СІ н 
Acetyl chloride Acetaldehyde 


Ketones can not be prepared by this method. 

[It is not easy to reduce carboxylic acids to aldehydes, LiAIH, reduces the carboxylic acids to alcohols. 
Consequently aldehydes can not be prepared directly from carboxylic acids. In order fo get aldehydes from 
acids, at first the acids are reacted with SOCI; ог PCI; to form acid chlorides. Now acid chlorides are easily 
converted to aldehydes by Rosenmund reduction. 


PCl; [2H] 
RCOOH ——— ВСОСІ 9078950 RCHO + HCI ] 
сорок Acid chloride y Aldehyde 
aci 


(5) By the hydration of alkynes : 
(i) Aldehydes : Acetaldehyde can be prepared by the hydration of acetylene, when 
acetylene is passed through 20% H»SO, solution in presence of mercuric sulphate at 80°C. 


HC = CH + H.OH GL HC=CH + CH,CHO 
Acetylene te m Acetaldehyde 
Unstable enol 
intermediate 


(ii). Ketones : Alkynes other than acetylene on hydration give ketones. Water adds to the 
alkynes according to Markownikoff’s rule to produce an unstable enol-intermediate which 
rearranges to form ketones. 


20% H. 
R—C=CH +H,0 D. R—COCH, 
Alkyne et Ketone 
20% H;SO, 
CH,—Cz CH + H.OH "ШОЛ Eur -CH,- єн zio 
Propyne CH; 
Enol-intermediate Acetone 


(6) By the hydrolysis of Gem-dihalides : 


(i) Aldehydes can be obtained by the alkaline hydrolysis of gem-dihalides in which the two 
halogen atoms are bonded to the terminal carbon atom. T 


2 ' 
CH,CH,—CH—CI КЕ коло TO єн ДН» CH 
OH 


) cl 
1, 1-Dichloro propane Propanal 


(ii) Ketones are obtained by the alkaline hydrolysis of gem dihalides in which the two 
halogen atoms are not attached to the terminal carbon atom. 


q OH 
њо | H0 
CH; С CH; On” CH; е a CH: CH: 
cl OH O 
2, 2-Dichloro propane Unstable 


Acetone 
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(7) By heating calcium salts of fatty acids : 
(i) Aldehydes can be prepared by the dry distillation of a mixture of calcium formate and 
the calcium salt of any other fatty acid. 


ааа. 
CH;/COO оюсн 
1 


ne D 
i ea Са A ! — > 2CH,CHO +2СаСО, 
СНСОО OJOCH  ^_ Acetaldehyde 


Ca acetate Ca formate 
(ii) Ketones are obtained by the dry distillation of calcium salt other than calcium formate. 


j бхр лс; —” CH;COCH, + CaCO, 
1 1 
&GH4€00 Acetone 
Ca acetate 
(8) By pinacol-pinacolone rearrangement reaction : 
When dry hydrogen chloride gas is passed through pinacol, 3, 3-Dimethyl-2-butanone is 
produced, 


CH. CH; CH; 
Dry HCl 
CH,—C — Сес ——» Сну—(—(—СН, 
OH OH O CH, 
Pinacol 3, 3-Dimethyl-2-butanone 


(9) By passing vapours of fatty acids over manganous oxide as catalyst at 300°C, 
(i) Aldehydes are obtained when formic acid is one of the two acids. 


CH|COOHHO|OCH FEO CHICHO + СО, + ЊО 
Acetic acid Formic acid Acetaldehyde 


(ii) Ketones are produced when fatty acids other than formic acid are used. 


Eu xi 1 
CHCOOH + HO}OCCH, A> СН.СОСН, + CO: + ЊО 
Асейс acid [ Acetone 


(10) By reduction of nitriles— Stephen reduction : 
Aldehydes : Alkyl cyanides dissolved in ether on being reduced by stannous chloride and 
hydrochloric acid yield aldehydes. 


R—CN шы R-cH-NH. O> RCHO + NH; 
Alkyl cyanide i Aldimine Aldehyde 

CH,CH,CN d CH;CH;CH = NH thO , CHCH,CHO + NH, 
Ethyl cyanide Propanal 


Ketones can not be prepared by this method. 
(11) From Grignard reagents. hi 
(i) Aldehydes are produced when hydrogen cyanide is reacted with grignard reagent. 
MO oH 
HC=N + R—Mgl 9 RCH=NMgl = RCHO+Mec . *NH, 
Hydro cyanic acid Grignard Aldehyde T 
reagent j 
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(ii) Ketones ate formed when alkyl cyanides are treated. with Grignard reagents. 


CH; ia CH, 
| жо er 
CH,—C =N + CH,Mgl 4 CH;—C = NMgl ——> CH,—C = 0 + NH; + qum 
Methyl Methyl Mg Acetone 


cyanide iodide 
(12) Oxo-process : Alkenes on treatment with carbon monoxide and hydrogen in presence 
of cobalt carbonyl hydride [Co(CO),]H catalyst at high temperature and pressure yield 
aldehydes. 
[Co(CO),JH 
= ——9——- R—CH-—CH. 
RGB CHa CO alle High Pr & Temp хаф efr х 
Alkene HCHO 


1 
снн = CH, + CO + H, AO , cH,cH,cH,cHo 
Propene Butanal 


(13) By the hydrolysis of aceto acetic ester On being heated with dilute KOH solution, 
aceto acetic ester undergoes hydrolysis to produce ketones. 


Ri 
teak | 
CH,—c—C-* colo. A CH,—C-—CH;R + K,CO; + C;H.OH 
1 Н | Kon Д Ethanol 
Aceto acetic ester Ketone 


(14) From 1, 2-glycols : Compounds containing two ~OH groups attached to two adjacent carbon atom 
ara colled 1, 2-glycols. These on treatment with lead tetra acetate or sodium per-iodate are oxidised to aldehydes 
and ketones. 


Hyco) 209500: кеш 
` CHOH Aie 
H 
Butane-2, 3-diol 
Hs 
МО, 
CH—C-OH  ————»  2CH.COCH, 
њон аар 
CH, 


2, 3-фтеВу] butone-2, 3-diol 


(15) Wacker process : This isa one step process for the manufacture ofaldehydes and ketones from alkenes. 
The method consists in distilling an alkene with an acidified solution of palladium chloride and cupric chloride. 


СН» = СН, + РАС, + HO ты CH3CHO + Ра  2HCI 
Pd + 2HCI — РАС + Hz 
CH3CH;CH = CH; + PdCl; + HO y CHICH COCH; + Pd’ 2HCI 
10.3. General properties of aldehydes and ketones. 
[A] Physical : (i) Formaldehyde, first member of aldehyde group is a gas at ordinary 


temperature. The lower aldehydes and ketones are colourless volatile liquids. The higher 
members of aldehydes and ketones are colourless solids. 


(ii) The lower aldehydes have unpleasant smell while the higher aldehydes have fruity 
smell. Ketones have pleasant smell. Í 
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(iii) Lowet aldehydes and ketones like formaldehyde, acetaldehyde andacetone are soluble 
in water, but the solubility decreases rapidly with the increase of molecular weights. The higher 
members of aldehydes and ketones having more than 5 carbon atoms are practically insoluble 
in water. 

This is because of the fact that, since the carbonyl oxygénatom of the aldehydes and ketones 
possesses partial negative charge, the lower aldehydes and ketones are in a position to form 
hydrogen bonds with water molecules. Thus by forming hydrogen bonds RC = O- - --H-O 
with water molecules, they go into the solution with water. But in the case | 
ofhigheraldehydes and ketones the biggeralkyl groups predominate j H 
which prevent the formation of hydrogen bonds and as a result their solubilities fall with the 
increase of molecular weights. 

Aldehydes and ketones are soluble in organic solvents like ether, alcohol etc. 

(iv) The aldehydes and ketones have higher boiling points as compared to corresponding 
alkanes and non polar compounds of same molecular weights. This is because of the dipole- 
dipole attraction between the two carbonyl groups. These are stronger forces than the Vandar 

8, NA, waals forces whichexistin alkanes and оїһег'поп polar compounds; However, 
Oorirett С? the aldehydes and ketones can not fotm inter molecular hydrogen bonds 
Boo i 3F with each other: Since the hydrogen bond is stronger force than the dipole» 
“N dipole attraction; the aldehydes and ketones have lower boiling points than 
those of the corresponding alcohols, which are.able to form inter molecular hydrogen bonds 
with each other. This explains why the boiling points of aldehydes and ketones are higher than 
those of the corresponding alkanes but lower than those of alcohols of same molecular weights. 

[B] Chemical : с 

(1) Oxidation : (i) Aldehydes—(a) Ву Ма;Ст;О, or K;Cr;0; and conc. H;SO, : 
Aldehydes are readily oxidised by Na;Cr;0; or K;Cr;0; in acid medium and are converted to 
carboxylic acids having the same number of carbon atoms as thatof parent aldehydes. KMnO, 
may also be used in place of K;Cr;O; or Na5CrO;. er 


a lo) ai 
жыр =0 0:070. mg 2 


Aldehyde Carboxylic acid 

(b) By Tollen’s reagent : Aldehydes are readily oxidised even by milder oxidising agents 
such as Tollen's reagent, Fehling's solution and Benedict's reagent. 

When Tollen's reagent (ammoniacal silver nitrate solution) is warmed with an aldehyde, 
the aldehyde is oxidised to corresponding carboxylic acid and Ag;O of Tollen's reagent is 
reduced by the aldehyde to metallic silver which is precipitated as shining mirror on the walls 
of the container. The formation of silver mirror indicates the presence of aldehyde group in 


organic compounds. Ago 
RG =0 NES reagent Ref 20 2Agl 
OH зч 


H c 
Aldehyde Acid i 19у09 гв 
[Tollen's reagent is red by adding NH,OH tosilver nitrate solution till the precipitateof silver oxide first 
produced just oe Î NHOH. The reactions which undergo during this process are as follows— At first 
a white precipitate of silver hydroxide is formed by the addition of NH4OH to AgNO; soln. This ppt. is readily 
converted to [vs brown silver oxide. On addition of excess of NH,OH, ће AgzO dissolves to form the complex 
argento ammonium hydroxide. AgNO, + NHOH = АОН + МНМО; ч 
2AgOH = Ag2O + њо t jo г " 
‘Ag,O + ANH,OH = 2[AglNH:bIOH + ЗНО. pa 
Though actually [Ag(NHs}2] OH is formed, but for simplicity Tollen’s reagent is taken as a solution of Ag;O.] 
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(c) Aldehydes are also oxidised by deep blue Fehling’s solution to form carboxylic acids 
and the cupric ions of the Fehling's solution are reduced to form red precipitate of cuprous 


oxide. 


рете) 
202005 BR со ELON 
RG о Fehling’s soln R т Mc 


OH _ Red ppt. 


Thus, Fehling's soln. also used to detect the presence of —CHO group in a compound. 

[Fehling's soln. is prepared by adding excess of conc. NaOH soln. and a solution of potassium tartarate to 
a solution of CuSO,. At first a precipitate of cupric hydroxide is produced which redissolves in excess of caustic 
soda and potassium tartarate solution to form a deep blue solution. Thus Fehling's solution is an alkaline solution 
of Cu? ions complexed with Na or K-tartarale ions. For simplicity it is considered as an alkaline solution of CuO.] 

(i). Benedict reagent also like Fehling's soln, oxidises aldehydes to carboxylic acids itself 
being reduced to form red ppt. of Cu;O. It is an alkaline solution of cupric ions complexed with 
citrate ions. 

(ii) Ketones : Ketones are not easily oxidised like aldehydes. Strong oxidising agents like 
alkaline KMnO,or hotand conc. HNO; are used to oxidise ketones. Ketones are oxidised to give 
carboxylic acids having fewer number of carbon atoms than the parent ketones. This is because 
of the fact that; the oxidation of ketones possibly occurs through enol formation. 


о ОН 
1 | 
CH;-C-CH; Er CH, = С-СН, „Ө. HCOOH + CH,COOH 
Acetone 3 Enol Formic acid Acetic acid 


OH 
[О] 


i i 
снусн,-С-сн, —_©1—›> сн,сн=с-сн, 191. 2сн,соон 
HNO; А iv. 
BUG Enol Acetic acid 


Ketones do not react with Tollen's reagent, Fehling's solution or Benedicts reagent. 

(iii) Ketone having keto methyl group [CHC = О] is oxidised by SeO; to form 
di ketone. [0] 

CH;COCH;CH; SO. CH- -f CE + Se + ЊО 
2-Butanone оо 
2,3-Butane dione 

However, oxidation by SeO is not restricted to ketones only. Aldehydes containing a methylene group or a 

methyl group bonded to carbonyl group is oxidised to 1, 2-dicarbonyl compound 
CH3CHO + SeO; — CHO-CHO + Se + Н.О. 

In fact by this method >CH2 group is oxidised to >C = О group. 

(iv) Bayer-Villiger oxidation : Esters are directly obtained when ketones are oxidised by 
powerful oxidising agent per benzoic acid or per acetic acid. This particular oxidation is known 
as Bayer-Villiger oxidation. 


CH;COCH; + CgH,COOOH -> CH,COOCH; + CeH.COOH 


Per benzoic acid Methyl acetate Benzoic acid 
CH;COCH;CH, + CH;COOOH A> CH;COOCH;CH; + CH;COOH 
Per acetic acid Ethyl acetate Acetic acid 


(2) Reduction of aldehydes and ketones : 


ROPA and ketones are reduced to alcohols or alkanes according to the condition of the 
reaction. 
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(a) (i) Aldehydes : Aldehydes are reduced by hydrogen in presence of Ni or Pt catalyst 
or by LiAIH, or Na-alcohol to give primary alcohols. 


H 
Pt | i 
RC=0+H, > R-C-OH CH Ç =O +H NU, CR, CH,-0H 
H H H Ethanol 
Aldehyde Alcchol Acetaldehyde 
CH,CH,CHO a CH,CH,CH,OH 
Propanal 5 1-Propanol 


(ii) Ketones are reduced to secondary alcohols by catalytic hydrogenation (H in presence 


of Ni or Pt) or by LiAIH,, sodium alcohol etc. 


R—C-O + H; 2 

a 

Ketone } 
CH,CH,—¢=0 + H PALM 
CH; 
2-Butanone 
[2H] 
СН;—СО—СН, ТАН 
7 
Acetone 


R—CH-OH 

R 
Secondary alcohol 
CH,CH,—CH—OH 


CH; 
2-Butanol 


CH;—CH—CH; 
OH 


2-Propanol 


(b) Clemmensen reduction— reduction to alkanes : Aldehydes and ketones are reduced 
by amalgamated zinc and сопс. НСІ to give the corresponding alkanes. Acetaldehyde is 
reduced to ethane i.e., > C = О group is transformed into > CH; group. 


[4H] 
CHCHO анана” 


Acetaldehyde 
Ketones are also reduced to give alkanes e.g., 
CH,—CO—CH. laf 
3 ` 
Acetone ig 


CH;—CH;+H,0 
Ethane 
acetone is reduced to propane. 


CH;CH;CH; + HO 
Propane 


(c) Wolff-Kishner reduction : Aldehydes and ketones are reduced to corresponding alkanes 
by using alkaline solution of hydrazine as reducing agent. 
The hydrazones thus produced on being heated with sodium ethoxide at 180°C, № is 


eliminated with the formation of alkanes, 


CH;CHO FERD ee 
Ethanal Eston 
CH;CH = N.NH; 180°C 
CH;COCH, + НМ МН, -~r -> 
Acetone razinc 
HN СН:ОмМа 
JA C=N.NH, —180€ ^ 809€ 


CH,CH=N.NH, + HO ' 
Hydrazone 

CH;CH; + № 

Ethane 

gHE. 2с. : 

CHO C=N.NH, + H;O 
Hydrazone 


CH,;CH,CH, 
Propane 


+ № 
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(d) Meerwein-Ponndorf-Verley's reduction : Commonly called M.P. V- reduction. Thisis a convenient method 
of reduction of both aldehydes ond ketones. The process consists in heating a solution of on aldehyde or ketone 
in benzene or toluene with aluminium isopropoxide, followed by distilling the acetone thus produced from the 
resulting mixture, The method is specific and can be used for the reduction of unsaturated carbonyl compounds 
as the reagent is inert towards unsaturation. The yield in very high (80-90%). 


R АЕ сн 
>) + АцоснІСН:јй = a кој + [eo] 


Ketone dil H;SO, 
^ 
R S CHOH 
КС Alcohol 
сњен= снсно 199%, CHCH = CHCH:OH 
Croton oldehyde Crotyl alcohol (85% yield) 


(3) Addition reactions : As the carbonyl group of aldehydes and ketones is polar, they 
undergo nucleophilic addition reaction by the following mechanism. 


Step I. At first the electron rich nucleophile Nu : attacks the positively charged carbon 
atom of > С = О group with the formation of a new bond. Due to the formation of new 
bond, the x bond between\C.and:O is broken and electron pair goes to О atom giving it a 
negative charge. 


Nu Nu 3 
ML: —> Deo 


Step II. The negatively charged oxygen is then attacked by. electrophile— (electron 
deficient e.g.. H*) to form the addition product 


Nu u Nu Е 
Sco 025 انعر‎ 
Electrophile Addition product 


[Тһе. reactivity of the carbonyl. group towards the nucleophilic addition. reaction depends on the 
amount of positive charge on the C-atom of the carbonyl group. Thus the electro-negative group, which 
increases the positive charge of the carbonyl carbon atom will increase the reactivity of the carbonyl group. 
On the other hand the electro-positive group will decrease its reactivity. Consequently the introduction of any 
alkyl group or any electron donating group on the C-atom of >C=O group will decrease its reactivity. 
Thus, formaldehyde which has no alkyl group attached to the carbonyl carbon atom is more reactive than 
acetaldehyde (having, one alkyl group). Again acetaldehyde is more reactive than acetone which has two 
alkyl groups. 

Thus the order of reactivity is ел > CHO > уно 


H H CH; 
Among substituted aldehydes— NO;CH;C-O. > CICH,C=O > CH;C=O > CH,CH,C=O 
ie, “н н н 
21. Hs 
Among ketones— CHC-O > CH کت‎ > HC- C070 


йо CH, CHa CH,CH, 
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(a) Addition of sodium bisulphite : Aldehydes and methyl ketones on being treated with a 
saturated solution of sodium bisulphire produce solid addition compound. 
SO,Na 
a + NaHSO; > Me Wu 


Nn is bisulphite 
е 
CH;—C=0 + NaHSO, > CH;—C—OH 4 
Н, CH; 
Acetone Acetone bisulphite 


The solid bisulphite addition product thus formed on being treated with dilure acids or bases 
regenerates the carbonyl compounds. 


SO;Na 

CHi--C—0H + HCl CHO + NaCl + H;SO; 
CH; CH; 

Acetone bisulphite Acetone 


(b) Addition of hydrogen cyanide : In presence of a basic catalyst, aldehydes and ketones 
react with hydrogen cyanide to produce cyanohydrins, 


CN 
| 
it + НСМ ә CHy-(—0H 


Acetaldehyde êj cyanohydrin 
s 
CH;—C=0 + НСМ сну дон 
CH; CH, 
Acetone Acetone cyanohydrin 


€ The mechanisim of addition of HCN : 
Step I. A proton is removed from НСМ by the base to produce CN” ion. 
HCN + OH 9 HO + CN 

Step Il. Electron rich СМ ion now attacks the carbonyl carbon atom with the formation of an anion. 

VEA T bo ne 

CR Or + ON — c-r 
Step IIl. The H* from water combines with the anion to give the addition product. 
CN. Е CN 

V. dh‏ چ بق ء2 

Like other cyanides, tyanchydrins ere also hydrolysed to ао. ач р, carboxylic acids. 


(рф o iian 


uo 9 TE auod 


Lactic acid. 
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(c) Additions with Grignard reagents + Aldehyde or ketone when treated with Grignard 
reagent yields an addition product which on hydrolysis with dilute acid gives alcohol. 


CH; 

I 
H—G=0 + CHMgl > H——OMgl HO, CHCH,OH + Mg(OH)I 
H 


k Ethanol 
Formaldehyde red 
єн, CH, 
CH,—C=0 + CH;Mgl > CHy—C—OMgl #9. CH,CHOH + Mg(OH)I 
H H 2-Propanol 
Acetaldehyde (2° alcohol) 
2 o 
њо 
сн,—с=о+сӊми э CHs—F—OMgl_ y> CH,—C—OH + Mg(OH)I 
CH, CH, CH, 
Acetone 2-Methyl-2-propanol 
(3° alcohol) 


(d) Addition of ammonia : With the exception of formaldehyde, aldehydes react with 
ammonia to form a solid compound aldehyde ammonia. 


NH; 
CH;—C=0 -HNH,———* CH. Cr OH 
H H 
Acetaldehyde Acetaldehyde 
ammonia 


[Formaldehyde and ketone do not give any addition compound with ammonia. Ketones form complex 
condensation products. 


NH; 
ae * HNH;———c CH e Ha Ceo + HO] 
Hs CH; CH; 
Acelone Di acetone amine 


(4) Reaction with alcohol : Aldehydes react with excess alcohols in presence of dry 
hydrogen chloride to produce acetals (gem di ethers). 


= 1O + HOR! ] 
RC 10+ HjOR Le RU UH OR! + H,O 
H | HIOR’ | 
бе س‎ : H 
Aldehyde + -Alcohol Acetal 
У.т OCH, 
CH,—C= !О + H'OCH; CHC 
Í | HOCH, $ CH; Np + Њо 
Acetaldehyde, Methanol Acetaldehyde di methyl acetal 


or 1, 1-Dimethoxy ethane 
With one molecule of alcohol and aldehyde the product is hemiacetal. 


R R OR 
g^ C-0*H—O—R. —* н2С< он 
Aldehyde Hemiacetal 


ALDEHYDES AND KETONES 261 


Ketones do not form hemiketals but with excess of alcohol in presence of dry НСІ it forms 


ketals. 
RU ӨР; OR 


и E 


Ketal 


(5) Reaction with PCl; : Aldehydes and ketones react with PCI; to form dichloro alkanes 
in which the two chlorine atoms are attached to the same carbon atom (gem halides). 


CI 
| 
Cire eo +PCl; > Che + POCI, 
H cl 
Acetaldehyde 1, 1-Dichloro ethane 
In 
cn + PCI, > м га + POCI, 
CH; cl 
Acetone 2, 2-Dichloro propane 


(6) Reaction with ammonia derivatives : 
(a) With hydroxyl amine— Aldehydes and ketones react with hydroxyl amine to produce 
oximes. 
R-CH jO + H; |N-OH => R-CH =N-OH + HO 


Aldehyde’ Hydroxyl omina Aldoxime 
=!0+H,|N-OH ——> R-C-N-OH «HjO 
R 
Ketoxime 
(b) With Hydrazine— Aldehydes and ketones react with hydrazine to produce 
hydrazones 


R-CH} [O + Hi N-NH,——> R-CH=N-NH, + НО 


Aldehyde Hydrazine Aldehyde hydrazone 

к-С =O +H) N-NH; ——> к-С =N-NH, + Но 
R R 

Ketone hydrazine Ketone hydrazone 


(с) With phenyl hydrazine— Aldehydes and ketones produce phenyl hydrazones. 
R—CHO + H;N—NHC4H; = RCHZN—NHC4H, + НО 
Aldehyde Phenyl hydrazine Phenyl hydrazone 
RO + Н:М—МНС;Н; > R=G=N-NHCHs + НО 


R R 
Ketone Phenyl hydrazine Phenyl hydrazone 
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(d) With semicarbazide— aldehydes and ketones produce semi carbazones. 


ge 1 1 
RCH= fo + ÉS;N—NHCNH, > R—CHZN-—NHCNH; + Н;О 


Aldehyde ^ Semicarbazide Semicarbazone 


Re + H,N-—NHÜNH; > Re NECN: + НО 
R R 
Ketone Semicarbazide Semicarbazone 
(e) With 2, 4-Dinitro phenyl hydrazine— aldehydes and ketones form 2, 4-Dinitro phenyl 
hydrazones (BRADY'S reagent). 


NO; NO; 
R—CHO + HoN—NH те RCH NAO): + HO 
Aldehyde 2, 4-Dinitro phenyl hydrazine 2, 4-Dinitro phenyl hydrazone 


[Hydroxyl amine, hydrazine, phenyl hydrazine etc., compounds are readily oxidised by the aerial oxygen, 
but their salts are stable and are not oxidised by aerial oxygen. Since these compounds are of basic nature, salts 
are produced by treating them with acids. But these salts н not react with the carbonyl group of aldehydes or 
ketones. Consequently the reactions of carbonyl group with these salts are.carried out in presence of sodium 
acetate, Sodium acetate at first reacts with these salts producing the compounds which then react with the 
aldehydes and ketones. 


CHy—C=O + H;NOH HCl ace viata. CHiN HO: ] 
\ у + +H,0. 
H Salt H 

(7) With hulogens : The o-hydrogen atoms of aldehyde and ketones are successively 
replaced by chlorine or bromine to produce chloro orbromo aldehydes and ketones. The -CHO 
group remains uneffected. 


с, а d 
CH,CHO дег» CH;CICHO— 5-7 CHCI, сно» CCI, CHO 
Acetal- * Meno chloro Dichloro Trichloro 
dehyde acetaldehyde acetaldehyde acetaldehyde 


or chloral 


When Cl; is bubbled through warm acetone, the hydrogen atoms of the methyl group are 
replaced successively to produce.a mixture of chloro propanone. 


d d d 
CH,COCH, EVO CH,CICOCH; e> CHCI, CO DHT ССІ, CO CH; etc. 


Acetone Mono chloro Dichloro Trichloro 
acetone acetone acetone 


(8) Aldol condensation : А condensation reaction is a reaction whieh involves the direct 
union, of two or. more molecules of the same or different compounds, with or without the 
elimination of simple molecules like HO, НСІ, to form a new compound. As a result of 
condensation reaction the carbon chain is lengthened. 

[The carbon atom which is attached to carbon atom of the carbonyl group is termed as a«carbon and the one 
next fo itis В. Hydrogen atom attached іо the a-carbon atom is termed as a-hydrogen atom.] 

нори ge OD 
CH—CH—Ch CHO | 
Па cond 


ochydrogen group 
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Aldehydes or ketones having at least one a@hydrogen atom, in presence of dilute base, 
like NaOH, Ba(OH);, K,CO;, undergo condensation reaction with the formation of aldol. 
The term aldol is so named as it contains an alcoholic hydroxyl group as well as an aldehyde 
group. 

In this condensation reaction, one @-hydrogen of one molecule of an aldehyde or ketone 
combines with the carbonyl oxygen atom of the other molecule with the formation of a 
secondary alcoholic group. 


2 2 
R—CH,— R = CH—Ç=0 -> R=CH,—C—CH—C=0 
R R RR Е 
Carbonyl compounds Aldol 


When R = Hydrogen the compound becomes aldehyde and when, 


R = alkyl group, the compound becomes ketone. 


On heating, aldol is readily dehydrated to form an 0, B-unsaturated carbonyl compound. 
j Shiai 


| OHH | 
DE А 

R—CH ACEO == SR CHE Ce C =0 
R RR R RR 
Aldol 


Examples : 

(a) (i) In presence of dilute solution of NaOH or K;CO; two molecules of acetal- 
dehyde undergo self condensation to produce f-Aydroxy n butyraldehyde or 3-hydroxy 
butanal. (Aldol) 


OH 
1 dil NaOH | 
CH,;—C + H—CH,—C = О —» CH,—C—CH;—C = О 
3 4 i к= 1 
H H H H 
Two molecules of acetaldehyde B-hydroxy, butyraldehyde 


or, 3-hydroxy butanal 
On heating, B-hydroxy butyraldehyde- is readily dehydrated to form 0, B unsaturated 


CH oe ==> CH; CH = CH Cap + H,O 


H H H 
f-hydroxy butyraldehyde Croton aldehyde 
(ii) As formaldehyde does not have any Q-hydrogen it does not undergo self 
condensation to form an aldol. 
(iii) Propanal undergoes aldol condensation to produce 3*Hydroxy-2-methyl 
pentanal. i 


H OH CH; 
CH.CH. C CH Снсно —®®# > снєн C-—CHCHO 
+ و‎ 
3 KH, 3 2^ | 
Propanal 3-Hydroxy-2-methyl pentanal 


СН-Ш52 
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(b) Ketones having a-hydrogen undergo aldol condensation to produce ketols. 
(i) Thus two molecules of acetone combine together in presence of barium hydroxide to 
form 4-hydroxy-4-methyl-2-pentanone (Diacetone alcohol). 


O.H OH 
l la Во(ОН); [| 
CHC ECH COCH =m ioi Cen S M 
CH; CH; 
Two molecules of acetone Diacetone alcohol 


1 س 
OHH |‏ ! 
a А‏ -4--4- 
CB Sh O CHC = CH—CO—CH;‏ 
CH; CH;‏ 
Diacetone alcohol Mesityl oxide‏ 
(iii) When acetone i; treated with dry НСІ, at first mesityl oxide is produced which in turn‏ 
combines with another molecule of acetone to produce phorone. > .-------- »‏ 
H270 tH “ОН!‏ 
l l сі со CH CCH‏ 
Н, + С—СН, CH. =‏ = 
СНу—6 CH—COC V ЯТ зә st "‏ 
CH; CH; CH; CH;‏ 
Mesityloxide Acetone -но | Dry HCl‏ 


CH—Ç = CH—CO—CH = т—Сн, 
CH; Phorone CH, 

(c) Mixed aldol condensation : Two different carbonyl compounds one of which contains 
a-hydrogen, undergo aldol condensation in presence of a base. This type of condensation is 
called mixed aldol condensation. 

(i) Thus one molecule of acetaldehyde combines with another molecule of acetone, when 
the o-hydrogen of acetone combines with the oxygen of the —CHO group to form 4-hydroxy- 
2-pentanone. OH 


r^ | 
CH—Ç + Сн,—Со—Сн, мА CH,—¢—CH,—-CO—CH; 


H 
Асау Асеюпе 4-Hydroxy-2-pentanone 
(ii) Two different aldehydes (one of which must have an o-H) in presence of a base, form 
mixed aldol. For example one molecule of benzaldehyde (having no oH) in presence of dilute 


о н gorros ор 
сн + СН СНО —— C H,—C—CH—CHO 
SINUS Acetaldehyde Н (о 

C4H,—C = CH—CHO 


E 
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(9) Cannizzaro’s reaction : Aldehydes which do not have a-hydrogen atoms undergo this 
reaction. Thus aldehydes having no a-hydrogen (e.g., formaldehyde, benzaldehyde), when 
heated with hot and concentrated (50%) solution of NaOH or KOH undergo disproportionation 
reaction involving two molecules of the aldehydes. One molecule of the aldehyde is oxidised 
to give the corresponding carboxylic acid which in turn reacts with the alkali to give its saltand 
the other molecule is reduced to give an alcohol. This type of self oxidation and reduction between 
two molecules of same or different aldehydes is known as Cannizzaro's reaction. For example, 

(i) Formaldehyde on being treated with hot and concentrated solution of NaOH or KOH 
undergoes Cannizzaro's reaction in which one molecule of formaldehyde is oxidised to give 

formic acid which in turn reacts with NaOH to form sodium formate and the other is reduced 
to give methanol. 


OXIDATION 
Y 
HCHO + HCHO MeOH sel. > HCOONa + CH;OH 
Formaldehyde Sod. formate Methanol 
REDUCTION ^ 


(ii) CH.CHO + CH.cHo 3 СН, СООК + C4H.CH,OH 
Benzaldehyde Pot. Benzoate Benzyl alcohol 


(iii) Cross Cannizzaro's reaction : Two different aldehydes having no a-hydrogen atom 
also undergo Cannizzaro’s reaction which is known as crossed Cannizzaro's reaction. 


In such reaction, the aldehyde which has more stronger reducing property than the other, 
is oxidised to give the corresponding acid and the other is reduced to form alcohol. 


снусно + HCHO -O> HCOONa + CH.CH,OH 


Benzaldehyde Formaldehyde Sod. formate Benzyl alcohol 


Here, formaldehyde being stronger reductant undergoes oxidation to form formic acid. 
[Since acetaldehyde has a-hydrogen atom, it does not undergo Cannizzaro's reaction but as tri chloro 
acetaldehyde has по a-hydrogen, it undergoes Cannizzaro’s reaction. 
оссьсно MeO, ссьсооме + CClCHOH 
Intra molecular Cannizzaro's reaction : Formation of glycollic acid and lactic acid from 
glyoxal and methyl glyoxal with conc. NaOHiis typical exampleofintra molecular Cannizzaro's 


reaction. 


0% KOH soln. 
А 


CHO COOH 
rod та | CH,COCHO Ne. CH.CH(OH)COOH 

CH,OH Methyl glyoxale Lactic acid 
Glyoxal Glycollic acid 


Remember— Aldol condensation takes place between— 

(i) Two molecules of same or different aldehydes having o-hydrogen, 

(ii) Two molecules of same or different ketones, 

(iii) One molecule of aldehyde and one molecule of ketone having a-hydrogen, 

(iv) Aldehydes having o-hydrogen do not take part in the Cannizzaro's reaction. Thus on 
being treated with conc. NaOH aldehydes having a-hydrogen form resins. 

(v) Two molecules of same or different aldehydes having no a-hydrogen take part in the 
Cannizzaro's reaction in presence of hot and concentrated NaOH or KOH (50%) solution, 
when one molecule is oxidised to give carboxylic acid and the other is reduced to form alcohol. 
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(10) Haloform reaction : Acetaldehyde is the only aldehyde and methyl ketones: e.g., 
CH;COR, react with halogens (Ch, Br; and 1›) in presence of alkali to form tri halo methane 
called haloform. Since haloform (CHX;) is the main product of this reaction, it is called 
Haloform reaction. The reaction takes place in 2 steps. 

Step I : The three hydrogen atoms of the a-carbon are replaced by halogen atoms to form 
tri haloaldehyde or tri halo ketone. 

CH;-CO-R + 3Cl, + 3NaOH ә ССЬСОК + 3NaCl + 3H;O 
Methyl ketone a,a,a-trichloro ketone 
Step П : The produced tri-halo ketone undergoes hydrolysis with dilute alkali to form 


haloform. 
ССЬСОК + NaOH 4 СНСІ, + RCOONa 


Chloroform 
1. CH;CHO + 3Вг, + 3NaOH 4 CBr,CHO + 3NaBr + 3Н;О 
Acetaldehyde Tri bromo 
acetaldehyde 
IL. CBr;CHO + NaOH, CHBr, + HCOONa 
Bromoform 


C2Hs-COC;Hs Diethyl ketone has no methyl group consequently it does not respond to the 
Haloform reaction, but ethyl methyl ketone readily responds to the haloform reaction. 


C;HsCOCH; oe C4H;COCCI, MeOH, с,н;соома + CHCI 
Chloroform 


Thus haloform reaction is employed to detect the presence of acetyl group(CH;-CO) in a 
compound. It is also used to distinguish methyl ketones from other ketones, because the latter 
do not form any haloform. For example, 


CH;CH,CH,CO-CH; 25> CH,CH;CH;COck NH, сы, 
2-Pentanone бин 


(опе alkyl group is -СНз) 
1 


CH3CH;CO-CH;CH; ceu No yellow ppt of iodoform is formed 
3-Pentanone 
(11) Polymerisation : Polymerisation is the union of two or more molecules of the same 
substance with the formation of a new compound, without elimination of water, etc. 
Lower Aldehydes have a tendency to undergo polymerisation while ketones do not 
polymerise. For example, 


3HCHO ڪڪ‎ (HCHO); 
Formaldehyde Metaformaldehyde 
3CHCHO OF, (CH;CHO), 
Acetaldehyde A Paraldehyde 
n(HCHO) a wid (HCHO)n 
Formaldehyde Paraformaldehyde 


(12) Schiff's reagent : Schiffreagentis adilute aqueous solution ofrosaniline hydrochloride, 
the red colour of which has been discharged by passing SO;. Thus schiff's reagent is a 
colourless liquid. 
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Aldehydes on being treated with the colourless Schiff's reagent, restore the pink colour of 
the reagent. 

Ketones do not restore the pink colour of Schiff's reagent. 

(13) Knoevangel condensation : 

a, B-unsaturated esters are prepared by Knoevangel condensation between aldehydes and compounds 
having active methylene groups in presence of an organic base. 

а, B unsaturated esters are produced by reacting equivalent amounts of aldehyde and ethyl malonate in 
presence of pyridine. 


raked e regias LT d “соосн, +O 
Aldehyde Ethyl malonate а, В unsaturated ester 
COOCHS рупа COOCH 
Z Pyridine ls 
egre noh. T овен REL 


(14) Claisen condensation (crossed aldol type condensation) : An aromatic aldehyde or ketone reacts with 
aliphatic aldehydes or ketones having a-hydrogen atom in presence of dilute alkali solution with the formation 
of a, В unsaturated carbonyl compounds. This reaction is known as Claisen condensation. For example; 
benzaldehyde reacts with acetaldehyde to produce cinnamaldehyde. 


OH 
+H. 
CsHsCHO + CH;CHO Jet C.H H-CHICHO p. CéHsCH = CHCHO 
Benzaldehyde ^ — Acetaldehyde Cinnamaldehyde 


OH 
CHO + CHCOCH, Pej CiHsCH—CH,COCH, 2 006 С;Н:СН= CHCOCH; 
Benzaldehyde Acetone Benzal acetone 


(15) Schmidt reaction : Aldehydes react with hydrazoic acid in presence of conc. HSO, to Ышы cyanides 


and N-alkyl formamide. Ketones react with NH in presence of conc. H;SO, to produce N-alkyl amide. 
CH3CHO = CH3CN + CH3.NH CHO 
Acetaldehyde Е N-methyl formamide 
NH 
CH3COCHs EXC OE CH3CONHCH; 
Acetone N-methyl amide 


(16) Tischenko reaction : Aldehydes on being warmed with aluminium ethoxide catalyst produce ester 
directly instead of a mixture of acid and alcohol. This modified form of Cannizzaro's reactionis called Tischenko 
reaction. This reaction is used to prepare ester directly from aldehyde. 


2CH;CHO —s CHyCOOC;Hs 
Acetaldehyde Ethyl acetate 


Mechanism : It involves 1, 3-hydride ion shift. д 
: 5 od B 17 H CH; 
+ O= HCCH; 
чан + АҚОС:Н;)з = ас = акт 
= OA (OCH) СҮТ 
—* CH OCHCh + АЦОСІН:), 
о 
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Primary [O] oxidation 


20% Н;5О, Acetylene 


alcohol 
RCH;OH KG r207/! H2504 


Ca salt of fatty Dry distillation 


acid + Ca-formate 


Acid chloride [H] 


` RCOCI Ba§O/Pd 


Pr, alcohol Cu 
vapour 300°C 


H,O/Zn 
hha? alkenes 


HgO/HgSO. H—C=CH 


H.OH Grignard reagent + 
HCN 


Ozonolysis of 


CO+H, 


Secondary lo) 
alcohol КМпО,/АК 
Dry distillation 


fatty acids 


P; Ozonolysis 
of 
Alkenes 


Secondary 
alcohol 
vapour 


Alkenes 
[Со(СО), 
Hydration 
20% H2504 ` of 
HgSO, 80°C Alkynes 
except HC-CH 
Grignard 
reagent 
| ™ 
Alkyl cyanide 
Secondary 
Al[OCICHs)]s alcohol 
reflux a 
Acetone 
G 
NaOH +H ene 
+ HO di 
halide 
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REACTIONS 
e OF e 
ALDEHYDES 
"i K;CriO7/H;S0, б 
Acid 
Reducing AgO 
PARE: NH/AgNO: > Ag +RCOOH 
Ei > RCH,OH 
Alcohol 
5| Reduction 
жо КОКТУ 
3 
Zn/HCl Aine 
ое 
NaHSO; кон 
Aldehyde 
bi sulphite 
ү 
[ «шшр R50 
Aldehyde 
ammonia 
CN 
ОН 
H 
Cyanohydrin 
HN—OH it 
Hydroxyl amine ER ОТООР. 
н 
" Oxime 
Reactions 
[y | with derivatives HNN R—C=N—NH, 
of NH; H 
Hydrazone 


pins atus 
H 
Phenyl hydrazone 
z Ald ase т Dichloro alkane 
lE н 
Alcohol Acid 


Aldol CH;CHO 
у 4 
condensation BalOH; оо 


270 ELEMENTS OF CHEMISTRY 


ө FORMALDEHYDE OR METHANAL е 


H—C-O 
10.4. Preparation of formaldehyde. E 
(1) Laboratory method : 


[A] Principle : In the laboratory, formaldehyde is prepared by passing a mixture of 
methanol vapours and air over copper or silver gauze at 350°C-400°C. 


CH,OH +O (air) > HCHO + HO 
Methanol Formaldehyde 


[B] Procedure: (i) Methyl alcohol is taken in a round bottomed flask fitted with adelivery 
tube and a glass tube bent at right angle. The end of the glass tube is kept immersed in methyl 
alcohol inside the flask. The other end of the delivery tube is connected with a combustion tube 
packed with copper gauze. The combustion tube is heated to 350°C-400°C. The delivery tube 
coming out of the combustion tube is kept immersed in water ina flask which acts as receiver. 
The receiver is kept in ice cold water. The flask containing methanol is now heated to 40°C on 
a water bath and air is.drawn through the warm methanol with a suction pump. As а result a 
mixture of methanol vapours and air passes over the heated Cu catalyst when methanol is 
oxidised by aerial oxygen to form formaldehyde. The produced formaldehyde vapours are 
absorbed in water in the receiver. 


СНОН + air Copper gauze f) 


—> Suction pump 


Formalin 


ice cold water 


Fig. 10.1 : Preparation of formaldehyde 


[Presence of excess air may cause further oxidation of formaldehyde to formic acid, consequently the quantity 
of methanol and air in the mixture must the controlled.] 

The product obtained in the receiver оп condensing the vapours, is a mixture of formal- 
dehyde, methyl alcohol and water. Excess of methyl alcohol is removed by distillation and 
the resulting mixture containing 40% formaldehyde, 8% methyl alcohol and 52% water is 
called formalin. 

oe eh may be prepared by passing vapours of methanol over heated copper 
at à 

сњон > HCHO +H, 
Methanol Formaldehyde 
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(3) Formaldehyde is manufactured by passing a mixture of methane and oxygen (air) under 
pressure over heated molybdenum oxide which acts as catalyst. 
CH, + О, (air) — HCHO + HO 
(4) Dry calcium formate on distillation is decomposed to give formaldehyde. 


fHCOjo " 

MI -Dsilion HCHO, + СаСОз 
iH; OO Formaldehyde 
Ca-formate 


10.5. Properties of formaldehyde. 
[A] Physical : Formaldehyde is a colourless pungent smelling gas. It is soluble in water, 
ether and alcohol. On condensing, it is converted to a colourless liquid which boils at 21°С. 
[B] Chemical : The chemical properties of formaldehyde are the properties of [—С=О] 


group. Consequently formaldehyde exhibits most of the chemical properties of ва ви 
there are few exceptions. Because of the presence оў hydrogen atom in place of. alkyl group in 
formaldehyde, it becomes more reactive than other aldehydes. Consequently it reacts in 
different ways ih some reagents. 
(1) Oxidation : Formaldehyde is easily oxidised by K;Cr;O or Na;Cr;O; and conc. H2SO4 
to produce formic acid. 
[О] 


H—C-0 —————> H—C 
| K,Cr,O;/H;SO, | 


(2) Reduction : Formaldehyde is reduced by hydrogen in presence of Ni or Pt catalyst or 
by LiAIH,, sodium alcohol to give methanol. 
Ni cat. 


HCHO +H, is. СНОН 
Methanol 
2H 
HCHO ———> CH;OH 
LAIH, 


(3) Reducing action of formaldehyde : Formaldehyde possesses a powerful reducing 
property. 
(a) It reduces Tollen's reagent (ammoniacal AgNO; solution) to metallic silver. 
HCHO + Ag;O 4 2Ag l + HCOOH 
(b) On being warmed with Fehling's solution, formaldehyde reduces it to give a red 
precipitate of Cu;O. 
HCHO + 2CuO — Cu,0 | + HCOOH 
4 red ppt 
(4) Addition reaction. Formaldehyde reacts with sodium bisulphite 
and hydrogen cyanide to produce the addition products like other Coe 
aldehydes but it behaves differently withammonia. Instead of producing CHa CH; N 
addition product, formaldehyde reacts with ammonia to form a white 
crystalline compound called hexamethylene tetra amine. сй; 
6HCHO + 4NH; — (CH2)N; + 6Н;О 
This compound is used in medicines under the trade name urotropine or aminoform. 


cf, сн; "om, 
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(5) Reaction with alcohols : Like other aldehydes, formaldehyde reacts with alcohols to 
produce acetals. Thus, formaldehyde. reacts with. methanol in presence of dry hydrogen 
chloride to produce methylal. 


We e 
=== T SE + HO 
tat т O+ H ! OCH, ==> x don 2 
Formaldehyde Methanol Methylal 


(6) Reaction with Grignard reagents : When treated with Grignardreagent, it does not produce 
secondary alcohols like other aldehydes. On being treated with grignard reagent, formaldehyde first 
yields an addition product which on hydrolysis with acid gives primary alcohols. 


H; H; 
њо 
Hs + CH;Mgl —> H-—0—-0Mgl APA H—C—0H * Mg(OH)I 
-H H H 
Formaldehyde Ethanol 1° alcohol 


(7) Reaction with strong alkali solution— Cannizzaro's reaction : Like other aldehydes, 
formaldehyde does not form resins with strong alkali solution. As formaldehyde has no 
a-carbon, it does not undergo Aldol condensation but undergoes Cannizzaro's reaction. Thus, 
when formaldehyde is warmed with concentrated solution of an alkali (NaOH or KOH), it 
undergoes Cannizzaro's reaction in which, out of two molecules of formaldehyde, one 
molecule is oxidised to give formic acid and the other is reduced to produce methanol. 

HCHO + HCHO O" , FHCOONa + CH,OH 

(8) Polymerisation : Formaldehyde produces several polymers under different conditions. 

(a) An aqueous solution of formaldehyde (formalin) on being evaporated to dryness on a 
water bath, yields a solid polymer known as paraformaldehyde or paraform. 

nHCHO = (CH;O), m. p. 121°—120°C 
Paraform 
It is readily reconverted to formaldehyde upon gentle heating. 
(b) When formaldehyde gas is allowed to stand at room temperature for a long period, it 
slowly undergoes polymerisation to form a white crystalline polymercalled meta-formaldehyde 
or metaform or trioxane. On heating it is reconverted to formaldehyde. 


CH; CH; 
TNR 
| a چس‎ | 2D 
HC HC 2 
tof n. dl 
3 molecul Metal 


(c) With conc. H2SO, formaldehyde undergoes polymerisation to produce, polyoxy methylene 
(CH20),2H;0 where n is more than 100. It also reconverts to formaldehyde on heating. 
(d) Formose or o-acrose : When a dilute solution of formaldehyde reacts with either Ba(OH), 
or Са(ОН), 6 molecules of formaldehyde are condensed to give formose. 
N RENE Pe УУТ. 
H—C + H—C +H—C +H—C + H—C +H—C > H. 
HEBES OT TE 0 | 
О. о о [0] о о OH OH OH OH OH О 


6 molecules of formaldehyde Formose or a-acrose 
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(9) Condensation with phenol : Bakelite is a synthetic plastic of high molecular weight. 
Itis produced by the condensation of phenol with formaldehyde in presence of a basic catalyst 
(ammonia). 


OF ds 
он о і jon AOT 
base 
(6). +нсн МЕ H QH н — «HO 
Phenol Formal- 
Н, O CH 
OH OH 
Bakelite 


Bakelite is very hard. It does not melt on heating. It is chemically inert and non conductor 
of electricity. For these properties it is widely used as a good electric insulator. 

Formaldehyde does not react with PCI; but the other aldehydes react with PCI. 

© Uses of formaldehyde : A 40% aqueous solution of formaldehyde is known as formalin. 
Formalin is used— 

(i) as an antiseptic and powerful disinfactant ; 

(ii) in the manufacture of important synthetic plastic e.g., Bakelite, plaskon, melmac etc.; 

(iii) in the preparation of urotropine whichis used as a urinary antiseptic and in the treatment 
of gout; 

(iv) in the manufacture of synthetic dyes like indigo; 

(v) in the preservation of biological and anatomical specimens. 

e Tests for formaldehyde : 

(1) Formaldehyde can be easily identified by its characteristic pungent smell. 

(2) On treatment with Fehling's solution, the deep blue colour of the solution is discharged 
with the formation of red precipitate of СиО. 

HCHO + 2CuO — CuO 4 + НСООН 
Red ppt 
(3) It reduces Tollen's reagent (ammoniacal silver nitrate solution) to metallic silver. 
HCHO + Ар,О 4 2Ag l + НСООН 

(4) Thecolourofferric chloride acidified with conc. H2SO, turns violet when formaldehyde 
is added to it. 

(5) Schryver's colour test : A few drops of 10% phenyl hydrazine is added to a very dilute 
solution of formaldehyde and then 1 ml of potassium ferricyanide solution is added to it. On 
acidifying the resulting solution with a little conc. HCI a red rose colour develops. 


€ ACETALDEHYDE or ETHANAL [CH;CHO] ө 


10.6. Preparation of acetaldehyde. 

(1) Laboratory method— by the oxidation of ethanol : 

[A] Principle : In the laboratory acetaldehyde is prepared by the oxidation of ethanol with 
potassium dichromate and conc. H5$0,. 

[Asanoxidising agent, in the preparation of acetaldehyde from ethanol, sodium dichromate 
Na;Cr;0, is preferred to potassium dichromate, because it is more soluble than KCr?O; in 
presence of alcohol.] 20] 

CH;CH;OH TKCnO/H CH;CHO + H,O 
Ethanol Acetaldehyde 


274 ELEMENTS OF CHEMISTRY 


Acetaldehyde being highly volatile liquid (b.p. 21°C), escapes from the hot mixture as soon 
as it is formed and thus it is protected from further oxidation to acetic acid. 

[B] Procedure : Moderately strong (1 : 3) sulphuric acid is taken in a round bottomed 
distillation flask fitted with a dropping funnel and a Liebig condenser. The other end of the 
condenser is connected to 
a receiving flask through 
an adaptor. The receiving 
flaskiscooled by ice-cold 
water. A mixture of 
ethanol and aqueous 
solution of potassium 
dicromate is taken in the 
dropping funnel. Ice-cold 
water is circulated 
through the condenser. 
The flask is heated on a 
sand bath and sulphuric 
acid is allowed to boil. 
The mixture of ethanol 

Fig. 10.2 : and K,Cr,0; solution 
from the dropping funnel is allowed to fall dropwise on the boiling dil H;SO;. As the mixture 
of ethanol and K;Cr;O; comes in contact with boiling acid, a vigorous reaction takes place with 
the formation of acetaldehyde. 

The produced acetaldehyde distills and collects in the ice-cold receiving flask as a 
liquid. 

[C] Purification : The acetaldehyde thus obtained is contaminated with unchanged ethyl 
alcohol and water. It is freed from alcohol and water by standing over anhydrous sodium 
sulphate and is then redistilled at 20°-21°C to obtain nearly pure acetaldehyde. 

Extra pure acetaldehyde is obtained by passing the distillate through ether bottles kept 
in freezing mixture. The solution of acetaldehyde in ether is saturated with ammonia, 
when crystals of acetaldehyde ammonia are formed which are separated from ether. These 
crystals are then decomposed by dilute H;SO, and distilled when pure acetaldehyde is 
distilled at 21°C. KE 

2 


CH =0+HNH, —* CH,-C- OH 
H H 


Acetaldehyde ammonia 
NH, 


CH;-C-OH + Н,50, —*- CH,CHO +  NHHSO, 
H Acetaldehyde 


the from the hot oxidising mixture of the flask as soon as it is formed. This is done by allowing 
the mixture ethanol and K;Cr;O; solution to fall dropwise on the boiling H2SO,. As a result the quantity 
the oxidising substance being less, there is no chance of further oxidation of produced acetaldehyde. 
the M acetaldehyde (21°С) is much lower than that of ethanol (b.p. 78°С), ethanol remains in the 
it is oxidised to acetaldehyde and os soon as acetaldehyde is formed, it passes out as vapour from 
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(2) From acetylene : Acetylene when passed through 20% 50, solution at 80°C in 
presence of HgSO,, is oxidised to produce acetaldehyde. 
20% HSO, 

Hg$O, 


H-C s С-Н + H,0 CH,CHO. 
Acetylene Acotaldehyde 


(3) By the dehydrogenation of alcohol : When ethanol vapours are passed over heated 
copper catalyst at 300°C, acetaldehyde is produced with the liberation of H; 
CH,CHOH ote CHCHO + Hh 
Ethanol Acetoldehyde 
(4) By the catalytic oxidation of ethanol : When a mixture of ethanol vapour and air is 
passed over heated silver at 250°C yields acetaldehyde, 
2CH,CHOH + О; (air) 90+ 2CH/CHO + H;O. 


(5) By the dry distillation of a mixture of calcium acetate and calcium formate 1 
When a mixture of dry calcium acetate and calcium formate is distilled, acetaldehyde 
distills out. 


сну соо "m mapas " ојосн 

ca’ | —= 2CH\CHO+2CaCO, 
сну соо“ о осн 
Ө. шоола Ca. formale Acelaldehyde 


(6) From ethylene— by Wacker process : When ethylene is passed through a mixture of 
acidified palladium chloride and cupric chloride, ethylene is oxidised to give acetaldehyde. 


HC = CH, рась +H,0 -S> CHICHO + Pd + 28CI 
Ethylene Aceloldehyde 


10.7. Properties of Acetaldehyde. 

[A] Physical : Acetaldehyde is acolourless volatile liquid, b.p. 21°C. Ithas acharacteristic 
suffocating smell. It is soluble in water and in organic solvents. 

[B] Chemical : Acetaldehyde is a typical member of the aldehyde series and so it gives all 
the general reactions о] aldehydes. 

(1) Oxidation : (a) On heating with potassiam dichromate and conc. H,SO, or with 
dil HNO;, acetaldehyde is oxidised to give acetic acid having the same number of carbon 


atoms. tol 
CH;CHO “Тат. CH,COOH 
K,CriOy/ Ht FOREN 


(b) Selenium di oxide oxidises acetaldehyde to produce glyoxal. 
CH,CHO + Se0; > OHC—CHO + Se + HO 
Glyoxole 


(2) Reduction : (a) Acetaldehyde is reduced by nascent hydrogen produced by sodium 
amalgam and water or LiAIH, or sodium alcohol, to produce ethyl alcohol. 


2H 
CH,CHO TAH, CH,CH,OH 
Acetoldehyde Ethanol 
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(b) Acetaldehyde is reduced by amalgamated zinc and conc. HCl to give ethane. 


CH;—CH; + HO 


4H 
СНСНО us 
Zn-Hg/HCl es 


Acetaldehyde is also reduced to ethane by using alkaline solution of hydrazine as 
reducing agent. 


Ан] 
СН;—СН; + HO 


POR ds шы. 
CH;CHO T NEOH 
Ethane 


(3) Addition reaction : 
(a) Addition of sodium bisulphite : Acetaldehyde on being treated with a saturated solution 
of sodium bisulphite produces acetaldehyde bisulphite. 
SORE 
CHC = O + МаНЅ0, > СН;—(—ОН 
H H 


Acetaldehyde bisulphite 


(b) Addition of HCN : In presence of a basic catalyst acetaldehyde reacts with hydrogen 
cyanide to produce cyanohydrin. 
CN 


| 
CHE =0+HCN > CH On 
H 


Acetaldehyde cyanohydrin 


(c) Addition with ammonia: Acetaldehyde produces asolid additioncompound acetaldehyde 
ammonia when treated with ammonia. 
NH, 


сис = O + NH; 3 cu. c—on 
H 


H 
Acelaldehyde ammonia 


(d) Addition with Grignard reagent : Acetaldehyde when reacted with Grignard reagent 
produces an addition compound which on hydrolysis gives isopropyl alcohol— a secondary 
alcohol. 


CH CH 
i но i OH 
cH = 0 + CH;Mgl > CH - C OMSI — uH * Mg 
H H H : 
Isopropyl alcohol 


(4) With alcohols : Acetaldehyde reacts with excess ethanol in presence of dry НСІ to 
produce acetals or 1, 1-Diethoxy ethane. 


bag 1 H ОСН; 
10C;H; 
у эс СН. 
осн ŞER En Mes + HO 


CH=} о 
5 


В 
` 
4 


Acetaldehyde di methyl acetol 
or 1, евон 
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(5) With PCI, : Acetaldehyde reacts with PCI; to form 1, 1-di-chloro ethane in which the 
two Cl atoms are attached to the same carbon atom. 
СІ 


| 
CHF = 0+ PCI, > CH,——H +РОСЬ 
H cl 


1, 1-Dichloro ethane 

(6) With derivatives of ammonia : 

(a) With hydroxyl amine — acetaldehyde produces aldoxime with the elimination of 1 
molecule of water. 

Сас =0+H,N—OH 4 Cut = N—OH + H,O 
H Hydroxyl H 
amine Aldoxime 
(b) With hydrazine — acetaldehyde produces hydrazone. 
сн = О + Н;М—МН, > CHC = N—NH, + H,O 
H Hydrazine H 

Acelaldehyde hydrazone 
(с) With phenyl hydrazine — acetaldehyde produces phenyl hydrazone. 

CH = О + HN—NHCHs э CHE =N—NHCH; + H,O 

H Phenyl hydrazine H 

Phenyl hydrazone 

(d) With semicarbazide — acetaldehyde produces semicarbazone. 

CH—c = О + HN—NHCONH, — CH,—C =N—NHCONH; + H;O 
H Semicatbazide Н 
Semi carbazone 

(e) With 2, 4-Dinitro phenyl hydrazine — acetaldehyde produces 2, 4-Dinitro phenyl 

hydrazone. 


OLN. ON 
CHE =0 ¥ H:N-NH SSE CH.-C =NNH CORO: + HO 
H H 


2, 4:Di nitro phenyl 2, 4-Di nitro phenyl 
razine hydrazone 
(7) With halogens : The H-atoms of the methyl group of acetaldehyde are successively 
replaced by Cl or Br atoms to produce chloro or bromo acetaldehyde. The —CHO group 
remains uneffected. 


CH,CHO ш CH;CICHO ر‎ CHCLCHO a CCLCHO 
Mono chloro Di chloro Tri chloro acetal- 
acetaldehyde acetaldehyde , dehyde or chloral 


(8) Aldol condensation : In presence of dilute solution of NaOH or K,CO;, two molecules 
of acetaldehyde undergo self condensation to produce B-hydroxy butyraldehyde or 3-hydroxy 
butanal commonly called aldol. This compound contains an alcoholic [—OH] group as well 
as an aldehyde [—CHO] group. 

о 


OH 
1 dil NaOH l 
сн,—@{ + H—CH—Ç =O РЫ? GH CH, =0 


H H H 
Acetaldehyde 3-Hydroxy butanal (Aldol) 
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On heating, B-hydroxy butyraldehyde is readily dehydrated to form œ B unsaturated 
aldehyde called crotonaldehyde. 


H 
3-Hydroxy butanal Crotonaldehyde 

(9) With concentrated alkali solution : As acetaldehyde contains o-hydrogen, it does not respond 
to Cannizzaro's reaction. When treated with concentrated NaOH or KOH solution it forms rasins. 

(10) Haloform reaction : Acetaldehyde is the only aldehyde which responds to haloform 
reaction. It reacts with halogens (СІ, Brz I) in presence of alkali to form tri halo methane 
called haloform. For example, when acetaldehyde is treated with Cl; in presence of sodium 
hydroxide solution, choroform is produced, The reaction takes place in two steps. 

Step 1: 3 hydrogen atoms of the methyl group of acetaldehyde are replaced by 3 chlorine 
atoms to produce tri chloro acetaldehyde. 


3d 
CH.CHO — => — CChCHO * 3HCI 
NaOH: Tri-chloro-acetaldehyde 
Step П : The produced tri chloro acetaldehyde reacts with NaOH to produce chloroform. 
ССЬСНО + NaOH — CHCI; + HCOONa 
Chloroform 
When acetaldehyde is heated with iodine and caustic soda solution or with a solution of 
sodium hypochlorite and potassium iodide, on cooling the resulting solution a light yellow 
crystals of iodoform are obtained. 
CH;CHO +31, Jon, CLCHO + ЗНІ 
CLCHO «NaOH > CHI; +HCOONa 
lodoform 


(11) Tischenko reaction : Due to the presence of o-hydrogen atom in acetaldehyde, it 
does not undergo Cannizzaro' s reaction, but on its treatment with aluminium ethoxide it can be 
made to undergo Cannizzaro's reaction to produce acetic acid and ethanolby disproportionation. 
The produced acetic acid and ethanol in turn react together to produce ethyl acetate. This 
reaction is known as Tischenko reaction. 

(CHO)! 


CH;CHO + CH,CHO —— — —- CH;COOH + C;H;OH 
Acetic acid Ethanol 

CHCOOH + C;H;OH CH;COOC.H; + НО 
Ethyl acetate 


(12) Polymerisation : (a) When small amount of conc. H504 is added to acetaldehyde 
at room temperature, it is converted to a cyclic trimer paraldehyde. 


e i 
we CH 
О Q conc HSO, S o 
Six | CH;-CH J ie 
о  CH—CH, ia ECE; 


Acetaldehyde Paraldehyde 
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(b) At a temperature less than 0°C, acetaldehyde:inicontact with:;CaCls; conc. HSO; or 
НСІ is converted to metaldehyde. 
Ce H—0-—CH—CH, 
о о 


iet сно > 
Aceloldehyde HSO, 1 | 
dehyd CH,—CH—O—CH—CH, 
"Melaldehyde 


Both the polymers, on being warmed with dilute HSO,are converted backto acetaldehyde. 

e Tests for acetaldehyde : = 

(1) Асега!деһуде reduces ammoniacal silver nitrate solution (Tollen's reagent) with the 
formation of metallic silver which deposits on the walls of the glass container as a mirror. 

(2) When warmed with Fehling's solution, acetaldehyde reduces CuO of Fehlings soln. 
with the formation of a red precipitate of cuprous oxide. 

(3) Acetaldehyde restores the pink colour of Schiff's reagent. i 

(4) Iodéform test: When acetaldehyde is heated with iodine and caustic soda solution a 
light yellow precipitate of iodoform having characteristic smell separates out. 

e Uses of acetaldehyde: ан 

Acetal dehyde is used 

(i) as an antiseptic, (ii) in the preparation of paraldehyde which is used as hypnotic and 
metaldehyde which is used as solid fuel, (iii) in the preparation of various drugs and dyes, (iv) 
in the preparation of important chemicals like acetic acid, ethanol etc. 


20% HSO; soln, 
yHgQ.0r HgSO, 


Ethanol 
CH,CH,OH 


[О] Oxidation; 
K;CriO/H;SO, 


Acetylene 
CH=CH 


Mixture of Methyl-Mg 


Ca-acetate iodide 
+ + 
Ca-formate HCOOC,H; 


2-Butene 
+ 
ozone 


Acetyl chloride 
CH;COCI 


m d «x m m gt » moo 


CH-1U53 
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ө Important reactions of acetaldehyde : 


[0] 
xidation CH,COOH 
KCrO7/HSO, Acetic acid 


[2H] 
CH;,CH;OH 
ЧАН, Ethanol _ 
[4H] .CH;-CH 
Zn/HCl thse | 
Reducing | ^IO > ag + CH,COOH 
МАА НОЈ 28777 
SO4Na 
NaHSO; CH, с ОН 
н 
Acetaldehyde bisulphite 
NH qm 
Addition з 
on 
H 
Acetaldehyde ammonia 
д см 
= CH-C-OH 
H 
Cyanohydrin 
NH:OH Я 
Hydroxyl amine Ru ROM 
Aldoxime 
NHs-NH; MI 
Hydrazine pn елм, 
к> Se sad Hydrazone 
NH3-NHC4Hs 
= CH;-CH = N-NHC4H; 
Phenyl hydrazine Phenyl Hydrazone v 
NHz-NHCONH; 
Быр TON =N-NHCONH, 
Semi carbazone 
1,1-Di chloro ethane 
i 3 
- lodoform 
OH 


Aldol NaOH Soln. | 
condensation CH.-C-CH,CHO 
H 


B-Hydroxy butyraldehyde 
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ә ACETONE or DIMETHYL KETONE or 2-PROPANONE ө 
[CH;-CO-CH;] 
10.8. Preparation of Acetone. 
(1) Laboratory method : 


[A] Principle : In the laboratory acetone is prepared by the distillation of dry calcium 
acetate: = = ^T pT 


T 7 

+ CH,COIO 

: кл ЙҮ CH;COCH; + СаСОз 
! CH; СОО 

L---4 Acetone 


Ca. acetate 


[B] Procedure : Anhydrous calcium acetate is powdered and is taken in a glass retort fitted 
with a condenser. The other end of the condenser is introduced into a flask which acts as а 
receiver. The retort is then heated gently when acetone distills over and collects in the receiver 
as colourless liquid. Р 


Fig. 10.3 : Preparation ot acetone 


[C] Purification : Acetone thus prepared is not pure. It is shaken with a saturated solution 
of sodium bisulphite when crystals of acetone sodium bisulphite separate out. The crystals are 
collected and dried and then distilled with saturated solution of sodium carbonate, when 
acetone is distilled over. It is dried on fused calcium chloride and redistilled. The distillate 
obtained at 55°C-60°C is pure acetone. 

(2) Acetone from pyroligneous acid : When wood is subjected to distructive distillation, 
pyroligneous acid is obtained as a slight brown aqueous distillate. 

Pyroligneous acid contains (2-4%) methyl alcohol, (01-05%) acetone and 1096 acetic 
acid and water. 

The pyroligneous acid is taken in a copper vessel and is distilled. The vapours of 
pyroligneous acid are passed over hot milk of lime when acetic acid reacts with lime to produce 
calcium acetate. 

2CH;COOH + Са(ОН), 2 (CH;COO),Ca + 2Н;О 

Methanol and acetone vapours pass over and are condensed. The mixture is then subjected 
to careful fractional distillation, when more volatile acetone (b.p. 56°C) is separated from 
methanol (b.p. 65°C). 

The impure acetone thus obtained is purified by forming bisulphite compound as described 
earlier. 

Acetate of lime formed during its recovery can also be converted to acetone by subjecting 
it to dry distillation. 
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(3) By the oxidation ог dehydrogenation of isopropyl alcohol : 
(a) Acetone is prepared by oxidation- of isopropyl alcohol with sodium dichromate and 
conc. H,SO4. [ol 
3 > HO 
CH-ÇH CH; ОСОЛ CH;-C-CHs +H 
OH о 
Isopropyl alcohol Acetone 
(b) Acetone is prepared industrially by passing isopropyl alcohol vapours over heated 


copper at 300°C. 
CH,-CH-OH >= ОУ ОНОО FO" н, 


300°C T 
CH, х CH, 
Isopropyl alcohol Acetone 


(4) Acetone is obtained by passing acetic acid vapours over a catalyst (Al,O;0rmanganous 
oxide) at 200C-400*C. 


hae igs Sat MnO 
CH,CO ‘OH +H 100C; СН, ос CH,COCH; + СО, + HO 
Acelic acid Acetone 


(5) When a mixture of ethyl alcohol vapours and steam is passed over a catalyst zinc 
chromite at 500°C, acetone is obtained. The yield is about 10%. 


Zn(CrO;) 
2C;H,OH + ЊО Ib. um CH4COCH; + CO; + 4H; 
Ethanol Acetone 


10.9. Properties of acetone. З 

[A] Physical : Acetone is a colourless volatile liquid having a characteristic sweet smell. 
Its boiling point is 56°С. It is soluble in water, alcohol and ether. As the carbonyl group of 
acetone is polar, the oxygen atom gets a partial negative charge and so it can form hydrogen 
bond with water. As a result acetone is soluble in water. 


CHO N. 


CH; H 
[B] Chemical : : 

(1) Oxidation ; (a) Acetone is not oxidised by mild oxidising agents, but when boiled 
with strong oxidising agents like chromic acid, alkaline potassium permanganate or 
сопс. HNO; it is oxidised to give acetic acid and formic acid. 


1 0 О 
CH;-C-CH; E CH,COOH + HCOOH; HCOOH RIR CO, + H,O 


(b) Acetone when oxidised by SeO; at ordinary temperature yields methyl glyoxale. 


CH;-CO-CH; + 500, ———э СН;-СО-СНО + Se + HO 
Acetone Methyl glyoxale 


(2) Reduction : (a) Acetone is reduced to give isopropyl alcohol by catalytic hydrogenation 
(Н; in presence of Ni or Pt) or by LiAIH,, sodium alcohol etc. р . 


OH 
Pr 


| 
CH,-CO-CH, + H; ————> СН;-СН-©Н, 
Isopropyl alcohol 
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OH 
2H 
CH;-CO-CH; = dlas CH;-CH-CH; 
Isopropyl alcohol 
(b) Acetone is reduced by amalgamated zinc and conc. HCl to give propane. 
CH,COCH, “ug CHsCH.CH; + HO 
Propane 


Acetone is also reduced to give propane by using alkaline solution of hydrazine as reducing 


agent. 
4H 
E EE LE 
CH;COCH; NHANH; + NaOH CH3CH;CH; + HO 
Propane 


(d) When reduced with magnesium amalgam acetone form pinacol or 2,3-Dimethyl butane-2,3-diol. 


+ 
Нз СНз hs Hs СНз 
о-о Male, Гон, с ссн | ма — СМ а-а 
CHa GFHE, OH OH 
рерге Pinacol 


When this is distilled with dil H2SO4 or when dry НСІ gas is passed through, it is converted into pinacolone 
or 3,3-Dimethyl butan-2-one, This rearrangement is called pinacol-pinacolone rearrangement. 


Нз СНз : qu 
dil H50, 
CH; СН Ce Tae 
| id 1 
OH OH CH; O 
Pinacol Pinacolone 


е Mechanism : This is believed to take place via 1,2-Methyl shift. 
Hs n » т qh но 


CH — CCH; +H چ‎ Hg = ҮС» = 


EWA OH Он; 


(Heus nae Hs сњ 
c= çat, =—- ا ا ا‎ EE CH= 6-05 
OH H CH3 о CH; 

Pinacolone 


(5) Addition reactions : 
(i) Addition with sodium bisulphite : Acetone on being treated with a saturated solution 
of sodium bisulphite yields solid addition bisulphite compound. 


BOUIN 
CHC = O + NaHSO; > CES 
CH, CH; 


Acetone bi sulphite 
Solid bi-sulphite on being treated with dilute acids or bases regenerates acetone. 
SO;Na 
сн,—с—он + HCI ә C + NaCl + H,SO; 
CH; . CH; 
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(ii) Addition of HCN : In presence ofa basic catalyst, acetone reacts with hydrogen cyanide 
to produce cyanohydrine. ` 


3 
CHs—¢ = O+ HCN > CH;—C—0H 
CH; CH; 
Acetone cyanohydrine 
Acetone cyanohydrine on being hydrolysed yields 2-Hydroxy-2-methyl propanoic acid. 
CN COOH 
| HO | 
Ce Im CH;—¢—OH 
CH, CH, 


2-Hydroxy-2-methyl 
propanoic acid 
(iii) Addition with Grignard reagent : Acetone when treated with methyl magnesium 
iodide and subsequent hydrolysis yields 3° alcohol— tert. butyl alcohol. 


Cyanohydrin 


єн, єн, 
CH.— = 0 + CHMgl > Сн,—С—ОМ! ae, CH.—C—OH + МОН 
CH, CH, CH; 


2-Methyl-2-propanol 
(4) Reactions with ammonia derivatives : 
(a) Acetone reacts with hydroxy! amine to form acetone oxime. 
CH,—C = О + H,N—OH 4 CH;—C=N—OH + H,O 
CHi УО CH; 
amine " 
Acelone oxime 
(b) With hydrazine, acetone gives hydrazone. 
cue = O+ HıN—NH 4 CH {энн + HO 
CH; Hydrazine CH, 
Hydrazone 
(c) With phenyl hydrazine acetone yields phenyl hydrazone. 
CH,—C = О + НМ—МНСН; > СНз СМНН: + HO 
| Phenyl hydrozi 
CH; епу! hydrazine CH, 
Phenyl hydrazone 
(d) With semicarbazide acetone gives semicarbazone. 
CH;—C = O + Н.М.МНСОМН, > CH; -C-NNHCONH; + HO 


CH; Semicarbazide CH; 
Acetone semicarbazone 


(5) Reaction with ammonia : At ordinary temperature acetone does not give addition 
product with NH, but forms complex condensation product di-acetone amine. 


NH, 
рлер | we 
CH—6 |О+н 1СН.СОСН, + > CH; c CH, с=0 + HO 
CH! — HiNH CH, CH; 


Di acetone amine 
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(6) Reaction with PCI; : Acetone reacts with PCI, to produce 2, 2-Dichloro propane by the 
replacement of carbonyl oxygen by two chlorine atoms. 
CI 


| 
CH,COCH; + PCI; > CH;—¢—CH; + POCI; 
cl 
2, 2-Dichloro propane 
(7) Aldol condensation : In presence of barium hydroxide, two molecules of acetone 
combine together at 0°C to form di acetone alcohol. 


OH 
Ba(OH); | 
сн;,—@{ 4 H—CH,COCH, ——————* CH;—¢—CH,COCH, 
CH, CH, 
Di acetone alcohol 


or, 4-Hydroxy-4-methyl-2-pentanone 
Diacetone alcohol on heating or by treatment with dil. acid readily undergoes dehydration 
with the formation of о, B unsaturated ketone known as mesityl oxide. 


CH;—C—CH—COCH, > CHC = CHCOCH, + H,O 
CH; CH; 
Mesityl oxide 
When acetone is treated with dry HCl at first mesityl oxide is produced whichthen combines 
with another molecule of acetone to produce phorone. 


н о [н он] 
CHC =CH—CO—CH, +¢—CH; > сн,—С =сн—со—сн—@—Сн, 
CH; CH; CH; буна CH; 
Mesityl oxide Acetone | но 


CH,—C-CH—CO—CH = сён 
СН, лро CH, 


(8) Haloform reaction : Acetone reacts with halogens (Clz Br, 12) in presence of alkali to 
form tri-halo methane called haloform. The reaction takes place in two steps. 

(i) The three hydrogen atoms of one of the methyl group in acetone are replaced by three 
halogen atoms to form*tri-halo acetone. 


CH;—CO—CH; + 3X; > CX,COCH; + ЗНХ. 
а, а, œtri halo 
acetone 


(ii) In the next step, the produced tri-halo acetone undergoes hydrolysis with dilute alkali 


to form haloform. 
CX4COCH; + NaOH — CHX; + CH;COONa 


Tri-halo acetone Haloform Sod. acetate 
(9) Schmidt reaction : Acetone reacts with hydrazoic acid in presence of conc. HO, 
to produce N-methyl amide. 


N: 
CH,COCH; Tue CH,CONHCH, 


N-methyl amide 
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i (10) -Сопдепѕабоп reactions : Ace! 
condensation products. For example, when 
of acetone combine together to form symmetrical tri- 


tone does not polymerise but can form a. number of 
acetone is distilled with conc. H3504, three molecules 
methyl benzene known as mesitylene with the 


elimination of water. н 
С 
H: эё! 3 -CH 
3 
sft Оаа ао +3H,0 
CH; H-C, C-H 
io A 


(11) Acetone reacts wi 
Сн: = 0+ 
CH; 


е Uses of acetone : Acetone is used (i) as a solvent f 


1 
СН, (Mesitylene) 


„КОН Сн; 


CHCl, 
Chloroform 


th chloroform in presence of solid Ki OH to form chloritone. 


CCl; 


CH; 


Chloritone 


cellulose; (ii) in the preparation of different important с 


(cordite), sulphonal, chloritone etc.; (iii) i 


О! 


r resins, plastics, acetylene, nitro 
hemicals e.g., smokeless powder 
n the manufacture of chloroform and iodoform. 


@ Tests for acetone : 
»"(1) Iodoform test Iodine is added to acetone and the Solution thus obtained is made 
ydroxide and the mixture is warmed. On cooling, yellow 


alkaline by adding ammonium hı 
crystals of iodoform seperate out from the solution which has a characteristic smell. 


(2) Legal's testy A little dilute solution of acetone is taken in a test tube and few drops of 
freshly prepared sodium nitroprusside solution are added. After this, few drops of NaOH 
solution are added. A ruby red colour is formed which turns yellow on standing. 


@ Differences between formaldehyde and acetaldehyde. 


Formaldehyde 


Acetaldehyde 


(1). Physical state 


Gas-having а pungent smell. 


Liquid-having suffocating smell. 


| (2) With ammonia 1, 


Does по! form addition compound but 
forms. a white’ crystalline compound 
known as hexa methylene tetra amine. 


6HCHO + ANH; — (CH;)N, + 6H,O. 


Forms an addition compound called 
aldehyde ammonia, н 
2 


CH,CHO + NH; > aie ati 
H 


(3) With conc. NaOH 
or KOH solution 


| Formaldehyde undergoes Capnizzaro's | 
reaction with the formation of methanol 
and formic acid. 


HCHO BE HCOONa + CH;OH 
No resin is formed. 


Acetaldehyde undergoes polymeri- 
sation with the formation of resins. 


reagent 


Fe) 


CHsMgl + HCHO > CH,GH,OH 


(4) lodoform reaction | Doesnotrespondtoiodoform reaction— | Yellow crystals of iodoform is obtained 
v yellowerystolsofiodoformarenotformed. | which has a characteristic smell. 
(5) With Grignard | Yields primary alcohol. Yields secondary alcohol. 


CHaMgl + CHCHO — 2> 


+ Mg(OH) CH.CH(OH]CH; + Mg(OH)! 
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Properties Formaldehyde Acetaldehyde 
(6) With PCI; Does not react with PCls. Reacts to form 1, 1-dichloro ethane. 


CH.CHO «PCI, + CHs-CHCh +POCla 


(7) With dilute alkali 
(Aldol condensation) 


Due to the absence of a-hydrogen, it 
does not undergo aldol condensation. 


Undergoes aldol condensation with the 


formation of B-hydroxy butyraldehyde. 
2CH;CHO N2, CH;CH{OH)CH,CHO 


(8) With phenol 


Undergoes condensation reaction 


with | No reaction takes place. 
phenol with the formation of a plastic 
called Bakelite. 


Similarities : 


w 


e Comparison between acetaldehyde and acetone : 


Properties 


Acetaldehyde 


Acetone 


(1) Formation of 


(a) With HCN 


(b) With sodium bi- 
sulphite, 


addi- 
tion compounds 


Forms addition compounds. 


Forms acetaldehyde cyanohydrin. 
N 


CH;CHO + HCN > iei МОН 
H 


Gives addition compound acetaldehyde 
bi sulphite. М 
„Ма 


СН.СНО + NaHSO; > ЧОН 
H 


Forms addition compounds. 
Forms acetone cyanohydrin. 


CH,COCH; + HCN — CH;-C-OH 
CHa 


Forms addition compound acetone bi 
sulphite. 
„Ма 


CH;COCH; + NaHSO; 4 eon 
CHa 


(2) With PCl; 


O-atomof the carbonyl group is replaced 
two Cl-atoms with the formation of 
1, 1-dichloro ethane. 


CH;CHO + PCI; > CH;CCIH + РОС)» 


| 


O-atom of the carbonyl groupis replaced 
by two Cl atoms with the formation of 
2, 2-dichloro propane. 

CH;COCH;+PCl; > CH;CCI,CHs+POCK, | 


13] With МН, derivatives 
(а) With hydroxyl amine 


(b) With hydrazine, 
Phenyl hydrazine and 
semicarbazide 


Reacts with hydroxy! amine with the 


formation of aldoxime and elimination 


of 1 molcule of HO. 
«кинин 


Oeo +H;NOH > 

H H 
Forms hydrazone, phenyl hydrazone 
and semicarbazone respectively. 


Reacts with hydroxyl amine with the 
formation of oxime and elimination of 
one molecule of H;O. 


Formshydrazone, phenyl hydrazone and 
semicarbazone respectively, 


V Adel condensation, | Undergoes diceret Eat | formaron of ОГЫР 
esi „О 2CH.COCH; “> CH.CIOHICH.COCHs 

2CH,CHO ES CHCH(OHICHCHO M 

(5) Clemmensen reduc- | Forms alkane (ethane). Forms alkane (propane). 
бел CH CHO т> CHs—CHs + HO | асосњ => CHCHICHS + HO 


(6) lodoform reaction 


Responds to iodoform test.—reacts with 


| crystals of i 


lz in presence of NaOH to form yellow | in 


Responds to iodoform test—reacts with la 
presence of NaOH to form yellow 
crystals of iodoform. 


——À 
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e Dissimilarities : 


At ordinary temperature acetone does 
nol give addition product with NH, but 
forms complex condensation. product 
di-acetone amine. 
2CH4COCH; + NH; > 
NH; 

CH, dich. cH COCH + HO 
Acetone döes not react. 
Not easily oxidised. It is oxidised only 
by strong oxidising agentsto form acetic 
acid having lesser number of C-atoms 
than acetone. 
cHcocu E s cH.coon * HCOOH 
HCOOH +O 2 H;O + СОг 
‘Acetone on reduction gives secondary 
iso propyl olcohol. 
CHsCOCHs r> СН:СНІОНІСН, 


Forms an addition compound 
acetaldehyde ammonia. 


ù Н, 
CH, co *NH > очон 
H 


2) V Produces acetals. 
(3) Oxidation Readily oxidised to give carboxylic acid 
(acetic acid) having same number of C- 
atoms as that of acetaldehyde. 


сњено SA, CHCOOH 


(4) Reduction Acetaldehyde on reduction gives 

ethanol—a primary alcohol. 

CHCHO > CH,CH.OH 

(5) With Tollen'sreagent | Acetaldehyde reduces ammoniacal 

AgNO; solution with the formation of 

metallic silver. 

CH,CHO + Ag,O — 2Ag + CHCOOH 

Reduces Fehling's solution giving a red 

precipitate 9 CuO. 

CH;CHO Fehlings CO + СНСООН 
soln 


Acetone can not reduce ammoniacal 
AgNO, soln. No metallic Ag is formed. 


Can not reduce Fehling's solution, so no 


(6) With Fehling's 
solution red ppt. of CuO is formed. 


Readily restores the rose colour. 
Forms a number of polymers e.g., 


(7) Schiff's reagent Restores the rose colour slowly. 


(8) Polymerisation 


Acetone has no tendency to polymerise. 


2-Propanone 3l 
ba dgio. урана ӨР А ruby red colour is developed. 
and then added few drops of 
NaOH soln. У 

(2) The sample is warmed with I; | Yellow crystals of iodoform are not | Yellow c tals of iodoform are 
and NH,OH and then cooled. | formed. на ава the solution. 

(3) Fruity odour test Characteristic fruity odour of ethyl | Characteristic frui ШЕ 
eee Ge ө 
glacial acetic acid in presence | СНСООН + COH Zt 
of conc. HSO.. CH4COOC;Hs + HO 

(4) The sample is treated with PCls. | РС; reacts with ethanol to produce | PCI; reacts with acetone to form 


To the resulting solution AgNO: | CHCl, РОС); and НСІ. HCI thus | 2, 2, dichlor b i 

егез Б , 2; 'opane but no HCI is 

solution is added. luced forms a white ppt. of | formed. Asa result, no white ppt. 

AgCl with AgNO; soln. of AgCl is obtained. 

C;H4OH + PCs — CaHsCl + POC! + HCl. | CHXCOCHs + PCls > CHs3CCI;CHs 
* 


AgNO); + HCl > AgCI 1 + HNO3 РОС\з 
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o Tests to distinguish among methanol, ethanol, ethanal and propanone : 


Experiment | мааа [кюй  [ . ted | Propanone) | 
. Heated. with I, | Yellow crystals of | Yellow crystals of | Yellow crystals of | Yellow crystals of 
and NaOH then | iodoform are not | iodoform having | iodoform havin iodoform havin: 
cooled, obtained. characteristic val characteristic d characteristic 
ore obtained. are obtained. аге obtained. 


Yellow crystals of | Yellow crystals of | Yellow crystals of 
iodoform are not |iodoform are not | iodoformare obtai- 
obtained. obtained. 


Red ppt. of СиО | Red ppt. of СиО is Red ppt. of CuO 
is not formed. formed. is not formed. 


A ppt. of metallic 
Ag is not obtained. 


No characteristic 
smell is obtained. 


° How would you separate ethanol, propanone and ethanoic acid from a mixture of the three ? 

(i) Calcium hydroxide is added to the mixture when acetic acid (ethanoic acid) reacts with Ca(OH), to form 
calcium оон 2CH;COOH + СОҢ} — (CH;COO);Ca + H:O 

(ii) The mixture is now subjected to distillation when ethanol (b.p. 78°C) and propanone (b. p. 56°C) are 
distilled and are collected. Calcium acetate is obtained as residue. 

(iii) Calcium acetate is treated with dil HSO, when acetic acid and CaSO, are produced. Acetic acid is 
separated from CaSO, by filtration. 

(Сн;СОО};Са + HSO, =» 2CH;COOH + CaSO, 

(iv) The mixture of ethanol and propanone is treated with а saturated solution of sodium bisulphite 

when propanone reacts with sodium bisulphite to form crystals of bisulphite compound, leaving behind ethanol. 


Yellow crystals of 
iodoform are not 


obtained. 


Heated with lı 
and NH,OH 
and then the 
resulting soln. is 
cooled. 


. Boiled with | Red ppt. of CuO 
Fehlings’ solu- | is not formed. 

tion. 
Boiled with | A ppt. of metallic 
Tollen’s | Ag isnot obtained. 
| reagent. 


. Heated with | Methyl acetate is 
glacial acetic | produced which 
acid in presence hos no characteris- 
of conc. HSO.. | tic smell. 


. Heated with | Due to the forma- 
Salicylic acid in | tion of methyl sali- 
presence of | cylate, a characte- 
conc, H,SO,. | ristic fragrant smell 

of oil of water green 

{iodex) is obtained. 


bd 


о 


A ppt. of metallic 
Ag is not obtained. 


A ppt. of metallic 
Ag is obtained. 


> 


No characteristic 


Ethyl acetate is 
smell is obtained 


produced which 
has characteristic 
fruity smell. 


No characteristic 
smell is obtained. 


e 


e 


Na 
ert = О + NoHSO;. + CH;-C-OH 
CHa CH; 


(v) The crystal are separated from ethanol by filtration. Ethanol is obtained as filtrate. The crystals of bisulphite 
compound is distilled with dil HCl when acetone is obtained as distillate. 


CHs-C-OH + HCI — NaCl + HO + SO;  CHyCOCH; 
CH; 
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Dry distillation MEI یت‎ 
Isopropyl alcohol [O] oxidation CH4COO ~_ CE 
CH3-CH-OH 
sa KCrO//H.S0, CHıCOO 
3 MEL 
20% H;SO, soln. Methyl acetylene 
Acetic acid 300°C Hg” СН+-С = CH 
iiu ig 2,3-Dimethyl-2-B: 
-Dim -2-Butene 
500°C O,/Zn/ HO "CHC = C-CH 
H - 2с = з 
a ыан ids Zinc chromite Ozonolysis NN 
e Reactions of acetone. 
[О] 
| ouem |o ^ CH;COOH 
HES К;Сг;О;/Н;5О, Aie acid 
if 
[2H] 
[mem |> [4H] Isopropyl Bicol 
УНС СН;-СН,-СН; , 
Propane 
see 
NaHSO3 Ch c-0n 
[ns Addition CH; 
Reaction Bisulphite compound 
EN 
BO CH.-C-0H 
CH; 
Cyanohydrin 
H;N-OH 
i а pe CH;-¢ = NOH 
roxylamine 
si CH, 
Oxime 
H,N-NH. 
+ س‎ CHy-¢ = N-NH, 
Hydrazine CH; 
Hydrazone 


RRS CH,-C = N-NHCH; 


| hydrazi 
Phenyl hydrazine Сн, 
Phenyl hydrazone 
CHy-CCLCH, 
Е ван), 2; 2-dichloro propane 
ЕРЕ CH;-CCH,(OH)CH,COCH, 


Diacetone alcohol 


vr 
а D 
{кеттен Мен, с, B 


lodotorm Mesitylene 
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ө INTER CONVERSIONS : 
(1) Acetaldehyde from acetone : 
[ol РС; 


CH,COCH, -KMO CHCOOH ———- CH;COCI OUR" CH;CHO 


Acetone Acetic Acid Acetyl chloride Acetaldehyde 


(2) Formaldehyde from acetone or acetaldehyde : After the preparation of. acetaldehyde 
from acetone as No (1). 


cH,cHo — 11-5 сн,сн,он 825 Hc = сн, SEMO, HCHO 
Ethanol er 


БАН, 1 7С 
Acetaldehyde 304 Ethylene Formaldehyde 
(3) Acetone from acetaldehyde : 
[0] _Сајонь, CH:COO У. р 
CH,CHO——»> CH,COOH — —— Са CH;COCH 
: CH,COO ^^ таш? СН, M 
Acetaldehyde Acetic Acid Calciumacetate Acetone 


(4) Propane and 2-propanol from acetone : 


CH,COCH, Hq CH;CH,CH; VER CH;CH;CH;CI Оп, CH,CH;CH,OH 


Acetone Propane Propyl chloride 1-Propanol 
сн,сн,сн,он HO cu cH = cH, — + CH,CHBrCH, кон 
1-Propanal Propane 2-Bromo propane x 
CH;CH(OH)CH; 
2-Propanol 


(5) Diacetone alcohol from ethyl alcohol : 


caoH, СНСОО 
ci cmon Sl, снсйо 19. сн;соон Eb, Fes 
CH,COO 
Ethanol Acetaldehyde Acetic acid Ca-acetate 
OH | Dry dist 
| 
сн,-с-сн.сосн, «ВОН» cH, COCH; 
CH; Acetone 


Di acetone alcohol 
(6) B-hydroxy butyraldehyde and crotonaldehyde from acetaldehyde : 


OH 
dil NoOH | ^ 
CH.CHO--CH,CHO —— — > CH;-CH-CH,CHO ——> CH;-CH-CHCHO 
Acetaldehyde frhydroxy butyraldehyde Crotonaldehyde 
(7) Isopropyl alcohol from acetaldehyde : 
Hs CH; 
њо 


| 
=ч O+CH;Mgl —* Che oe —u > CH-CH(OH) 
Isopropyl alcohol 
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(8) Acetaldehyde from formaldehyde : 
Ё H. 
¢) HCHO 2» сњон > CHI KON, сн,см > CH.COOH 
soo, SDN Methyl Methyl Acetic acid 
dehyde iodide cyanide | PCl; 
2H 
CH,CHO БОЈ CH,COCI 


пиана Асеу chloride 


jns Фел ру 
) но 
(ii) H—C-0 + CH:Mgl — и сом =” H 00H — сно 
H H H 


Formaldehyde Ethyl alcohol ind 


(9) Acetone from formaldehyde : 
After the preparation of СНСООН as shown in No. 8i) : 


соон 
сн,соон S> сн,соо)Са 3» СнСОСн; 


Acetic acid Ca. Acetate Acetone 
(10) Formaldehyde from acetaldehyde : 


CH,CHO a CH.CH,OH D H,C=CH) mme HCHO 
Acetaldehyde З Ethanol Ethylene Formaldehyde 


(11) Butanone from ethanol : 
y ÇH, 
M CH;—C-O 
CH,CH,OH E> CH;CHI uo OEE > CHE омат 
Ethanol Ethyl iodide Ethyl Mg H 
iodide HO 


[О] 
CH 1—69 ECO, CH;—CHOH 
о С.Н; 


2-Butanone 2-Butanol 


@ Some problems involving the reactions of aldehydes and ketones : 

(1) An organic compound (A) has molecular formula CHO. It reacts with phenyl hydrazine to give 
phenyl hydrazone and also forms iodoform when reacted upon by iodine and alkali. On reduction (A) forms 
alcohol (B). The vapour of (B) when passed over heated alumina forms olefin (С). (С) on ozonolysis gives 
acetaldehyde and formaldehyde. Write down the structures of (А), (В) and (С). Justify your answer with 
reasons. ` [W.B.H.S. '86] 

Ans: The reactions os given in Ihe problem can be sketched as below— 


: is ©. CH4CHO 
2 А з Acetaldehyde 
Sot dici Redigion” Аюу» (3 Zn 4 
HCHO 
H;N-NHC4Hs Formaldehyde 
Phenyl hydrazone 


(i) (A) reacts with phenyl hydrazine to form phenyl hydrazone. This goes to prove that (А) contains carbonyl 
group [ >С=О ]. 
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(ii) (A) forms iodoform with lz and alkali. This goes to prove that (A) contains keto methyl [ сњо ] 
group. As an aldehyde having 3 carbon atoms can not contain keto methyl group [ снсн;—С=О ] and 


H 
soit will not form iodoform with l; and alkali. Consequently compound (A) is not an aldehyde, it may bea ketone. 


(iii) On the ozonolysis of alkene (C) yields 1 molecule of acetaldehyde and 1 molecule of formaldehyde. 
So the alkene (C) is propene. 
T 
CH. 2:0 4 O'! = C—H э CH,—CH = CH. 
g 1040: T 5 2 


(iv) (A) is a ketone, so the reduction of (A) yields (8) which is a secondary alcohol. The vapour of (В) 
when passed over heated alumina yields (C) propene: Therefore the alcohol (B) is isopropyl alcohol or 2:propanol. 
So (А) is acetone. " 


н 
сњо ды CH CH-OH КӘ, Quoi ch 
CH; : Propene (C) 
(A) 2-Propanol (B) 
Reactions (i) CHs—¢=0 + H,N—NHGHs > Hes pis UN MEUSE + HO 
CH; Ph hydrazine CHa 
Acetone (А) Phenyl hydrazone 
re lz NaOH 
(ii) CHCOCH => ChCOCH, ———» CHI; + CHCOONa 
NaOH 
Acetone (А) lodoform 
(iii) СН;—С=О xc Cy enon 
CHa CH; 
Acetone Isopropyl alcohol (В) 
(iv) ا ا‎ оз, СНу—СН=СН, 
CHa Ргорепе (С) 
2-Propanol (В) 
je 
(v) СН,—СН=СН; + O; > CH;—CH—O—CH „О, CH;CHO + HCHO 
Propene (C) Acetal Formal 
dehyde dehyde 
Thus, (А) = Acetone CH;COCH; ; (В) = 2-Propanol Cen (C) = Propene CH;—CH=CH, 


OH 


(2) An organic compound (A) C;Hi;O reacts with Na with the evolution of Hz. (A) on oxidation yields (B) 
С.Н О which reacts with l in presence of NaOH giving а yellow ppt. (A) on treatment with conc. H;SO, at 
170°C yields (C) C;Hio- (С) on oxidation with hot KMnO, solution yields (D) C:H,O and (E) C;H,O;. Calcium salt 
of (E) on heating gives (0). Identify the compounds (A), (В), (С), (0) and (E) with explanation. 

Ans. The reactions as given in the problem can be sketched as 


Yellow <—2— CH К, C HO оңо, 


ppt. МОН py a рг а рман 
|" [eso 


Evolution of H; сно es Ca salt of 
[0] [E] 
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(i). Compound CHO [A] reacts with Na to liberate Hy and with cone. H;$O, at. 170°С to form an 
alkene С; (C). Consequently (A) must contain alcoholic —OH group. з 

(ii) Now olefin [C] on being oxidised by hot KMnO, yields [D] and [E]. Again on dry distillation of the 
Cà salt of [E], [D] is obtained, The molecular formula of [E] is C;H4O,, therefore, the acid [E] is ethanoic 
acid СНСООН. The dry distillation of the Ca salt of ethanoic acid yields acetone. So the compound [D] is 
acetone. 


(iii) Since the oxidation of [C] alkene yields CH;COOH and CH,COCH,, the olefin [C] must be 
CHG = CCM ie, 2-Methyl-2-butene. 

CH, H 
(iv) [C] olefin is obtained by the dehydration of [A]. So [A] compound may be either 


(а) Сну—т—СНСН; ог, (Ь) CH=CH —=CH—CHs 
CHa CH, OH 
Since (a) being tertiary alcohol is not readily oxidised but (b) is readily oxidised to give 


снн =F Ооа sincethis compound has keto methyl group. (CH;—€=0], itwill respond toiodoform 
test. CH; 


[е] 
So the compound [А] must be 3-Methyl-2-butanol and [B] is 3-Methyl-2-butanone. 
СН = теъ Снн -— те» 
CH; OH Сн, О 
[А] [В] 
3-Methyl-2-butanol 3-Methyl-2-butanone 


"Тһе involved reactions are given below : 


(i) CHy—CH—GHCH > CH, CH-CH-CH, + н 


CH, OH CH; ONa 
3-Methyl-2-butanol [A] 


۴ H250, O 
(ii) Cru qn-on- dms тос Hg = CH—CH; 
CH, OH CH; 


3-Methyl-2-butanol [A] 2-Methyl-2-butene [C] 


a o 
Qi] сн—сн—сн—сн, ISL, cr, oF cH, e> Os 
CH, OH сњо 


3-Меһу!-2-Ьиюпа! [A] 3-Methyl-2-butanone [B] lodoform 


М А 
(м) С = CH—CH aga, СНЗСОСН, + СНСООН 


CH; > Acetone [D] Acetic acid [E] 
2-Methyl-2-butene [C] 


CalOH), D 
(M CHCOOH —S a (CH;COO};Ca Ts CHiCOCH, 


Acetic acid [E] Calcium acetate Acetone [D] 
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(3) An organic compound [A] contains С, H, О, and chlorine. It reduces Fehling's solution and on oxidation 
yields mono carboxylic acid [B]. The acid [B] when distilled with sodalime yields a tri chloro derivative of an 
alkane [C]. The compound [C] can also be obtained by heating [А] with NaOH. [A] is obtained by the action 
of Cl; on ethanol. Identify [А], [B] and [C]. 

Ans : (i) The compound [A] can reduce Fehling's solution so, it must contain aldehyde group [-CHO]. 

(ii) On the oxidation SF [A] a mono carboxylic acid is obtained. It confirms the presence of -CHO 
group in [A]. 

(iii) Since the chloro compound having -CHO group can be obtained by the action of Cl; on ethanol, 
so [A] must be tri chloro acetaldehyde. 


d 
CH3CH;OH 25 CH,-CHO + 2HCl Ге кеге) cec CClCHO + 3HCl 
Ethanol Acetaldehyde Tri chloro acetaldehyde 


(iv) Tri chloro acetaldehyde on oxidation gives tri chloro acetic acid CClyCOOH. This being heated with soda 
lime yields chloroform— tri chloro methane [C]. 


СС\,СНО lel CCl.COOH 202248 CHCl; 
[A] 18] [С] 
Again [C] i.e., chloroform is obtained by the action of NaQH on ССЬСНО [А]. 
CChCHO + NaOH "CHCl + HCOONa 
Tri chloro acetal- Chloroform 
dehyde [A] [C] 
Therefore, А Tri chloro acetaldehyde CCl, CHO 
B = Tri chloro acetic acid ССЗСООН 
C = Chloroform CHCl; 


e Questions ө 


1. Whotare the functional groups of aldehydes ond kelones ? Describe the general methods of preparation 
of aldehydes and ketones. 

2. Menlion the imporlont properties of carbonyl compounds. 

3. Describe the structure of a carbonyl group. How does it react with (i) HCN, (ii) NaHSO; and 
(iii) NH2OH ? 

A. Describe the preparation of acelaldehyde in the laboratory. How will you prepare acetaldehyde from 
acetylene ? State the differences between the properties of acetaldehyde and formaldehyde. 

5. Starting form ethanol how would you prepare pure acetaldehyde in the laboratory ? 

6. How is formaldehyde prepared in the laboratory ? Stale the reactions of formaldehyde which are not 
similar to other aldehydes. 

Discuss the action of hot and concentrated solution of caustic soda on formaldehyde. 

7. Describe the preparation of acetone in the laboratory. 

How is acetone obtained from pyroligneous acid ? Mention the uses of acetone. 

8. What are aldehydes and ketones ? Mention the similarities and dissimilarities between aldehydes and 
ketones. What happens when an aldehyde ond a ketone are oxidised and reduced ? 

9. Write short notes on— 

(i) Aldol condensation [HS “8 1]. (ii) Clemmensen reduction. (iii) Rosenmund reduction: (iv) Cannizzaro's 

reaction [JtEnt"95]. (v) Haloform reaction [WBJEE '95]. (vi) Grignard reagent. (vii) Condensation reaction of acetone. 
(viii) Tischenko reaction. (ixl Wolff Kishner reaction. (х) Stephen's reduction. (xi) Polymerisation [WBHS 195]. 


10. Illustrate the uses of the following reagents in the reactioris of acetaldehyde and acetone : 
(а) LiAl Ha, (Ы) BaSO,/Pd,...c) Na/ CH4CH;OH, (9) CHsMgl, (е) 2n-Hg/HCl, 4f) HCN, (9) NH. 


CH-II/54 
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11. How will you synthesise : 
(a) Propane from acetic acid, (b) Acetaldehyde from 2-Butene, (€) Acetone from ethonol [WBHS "92], 
(d) 2-Butanone from 1-Butanol, (e) Formaldehyde from acetaldehyde, (f) Isopropyl alcohol from acetaldehyde 
[WBHS 91], (g) 2,3-Di bromo butanoic acid from ethanol, (h) Acetaldehyde from acetic acid, (i) Aldol from 
2-propanol, (j) Acetaldehyde from formaldehyde, (К) Propyne from acetone [Jt Ent 93], (I) 1,1-Di ethoxy 
ethane from ethanol [Jt Ent 93], (m) Chloroform from acetaldehyde [Jt Ent 92], (п) Urotropin from formal- 
dehyde [WBHS ‘91J, (o) Di acetone alcohol from acetaldehyde, (p) Acetaldehyde from acetyl chloride [WBHS 91], 
(9) n-Butyraldehyde from acetylene, (r) Acetone from acetylene, (s) Acetone from acetaldehyde [WBHS ’96], 
(t) Di acetone alcohol from acetone [WBHS 96], (u) Lactic acid from ethanol. 
(v) 2-hydroxy-3-butenoic acid from methanal. ПАТ. "90] 


ll | 
Hints :Н- + HCHsCHO NaOH, H-CH-CH;CHO -2>сн,=снсно -Н©М›сн,= CH-CH-CN 
H 


OH 
— HO , CH, = сн-сн-соон 
E T 
e OH 
(w) Acetoacetic ester from acetaldehyde. е ar 
О; Cak 7 CHON ч 
[Hints : СН:СНО 101, CHCOOH Ше шй CH3COOC;Hs „Са. CH3COCH;COOC;H;] 
(x) Acetoxime from acetaldehyde. ШАТ. '84] 


HN 
Hints : CH,CHO Ol, сн,соон SOF, (сн,сосоһса e сњсосн, ОН , 


сњ = NOH + HO | 


CH 
(у) Acetone from acetylene. > [LLT. 85. 


[Hints s HC = сн SO, снусно-Ї©1„> снњсоон SOE, (њсоорса S> 
Hg” ist 
CH.COCH, ] 
(z) Propanal to 2-Methyl-2-pentenol. 
ew P 
CHsCH,CH-CHCHO—> CH;CH;CH = CCHO 


LiAlH, 

CHa 
CH4CH;CH = CCH;OH] 
12. Name the reagents A, B, C etc., required for the following conversions : 


т А 
(i) CH;CHO ———> CH;CHCL—* НС = CH [Ans. (A) PCls, (В) Alc KOH] 


(ii) CH;CHO—*-> CH.CH;OH 285 HC = CH; аз HCHO 


| A [Ans. (A) LiAIH,, (B) Conc. HSO,, (C) Os/Zn + НО] 
(iii) CHXCOCHs > EO COE [Ans. (A) = Ba(OH);] 


dil NaOH 


[Hints : CH;CH,CHO АЧЫ and. 


CH; 
: A 
(iv) СН:СНО ——> СНСООН ES CHsCOGI e CH;CHO 
x [Ans. (A) K;Cr;Oz/H*, (B) PCls (C) H/BaSO,/Pd) 
М CH.CH;CHO. ——> CH3CH;CH;OH A CH;—CH=CH, ze е еее ке CHSCHCHs 


CH,COCH; 
[Ans. (A) LiAIH,; (B) Conc. H;SO, (C) HCI (D) aq KOH (E) K.Cr;O/H:] 


ALDEHYDES AND KETONES 297 


id 
мїлснсосы Sm E oe 11.7. '88] 
catalyst cat тл. j oul. 

[Ans. Di acetone alcohol, mesityl oxide] 

Й CHaMg Br 9 ( 

(vii) CHXCHO. 2 ————> CH,;CHIOH)CH3 [LLT. '88] 
Ans: CHÇH=CH;, њо 
OMgBr 


50% NaOH 
(viii) (СН): CCHO + HCHO i? [Ans. HCOONa, (CH5);CCH;OH] Dt. Ent. 94] 


13. Give the names and formulae of the main products (A, B, C, D etc.,) of the following conversions : 


Dil Н;5О, il 


(i упо — ues IAI E: Si (Cl 


ali 


(i) CHCOCH, ЗНАЧНО: /\| 
Dry ds ы КАНОН, 
i-e a A1 cHcooNa > ча 
(iv) CH=CH HgsO, > [А1——БДОН >. [В] —* [cl 
{v} CH, COCH; HON > [Al کے‎ [В] 
CHMgl њо 


(vi) сн,сОсн, ———— [A] —  —— [B] 


tvi) сн.сооһса LOS, pa Pe, gp — [0 


(viii) СНСООН Кесу j Mb ro Hol AU bay 
pL as BaSO,/PCI Zn Hd 
IA 


[О] 
CH;MgBr HO [0] 


tix) HHO ————> [А] BIE o7 


кон HCN 
ea A ا‎ 


[c] 


[c] 


d 
(x) CH;COCH, > [A] uv [em [в] 


H 
Zn/HCl 
[Answers : 

(i) (А) CHyCHO, (B) CH;CH(OH)CH,CHO, (C) CH;,CH=CHCHO. 
(ii) (A) CH;—C2N—NHCH:. 
Нз 
(iii), (A) CH;\COCHs, - (B) CH;—C=N—NHTONH;. 
Hs 
(м) (A) CH:COCH;, (B) CH;CH(OH)CH2COCHs, (C) CH;CH=CHCOCH;. 
j Hs 


М (A) CH;—C(OH)—CH, paese (vi) (А}СН;=С—ОМо!, (B) (СНЗ):СОН. 
N ls Hs 

(vii) (A) CHX:COCH;, (в) CH;CH[OH)CH;COCH;, (С) CH.CH-CHCOCHs: 

(viii) (A) CH;COCI, (B) CH;CHO, (C) CH;—CHs, (D). CH;CH;OH. 
Ha 

(ix) (A) H—CH—OMgBr, (8) CH.CH;OH, (С) CH;CHO. t 

(x) (A) CHsCH,CHs, (B) CH; CH;CH;CI, (С) CH;CH=CHp, (D) CHsCH(CN)CHs.] 
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M. Explain why : 
(i) Solubility of carbonyl compounds decreoses with the increase in their molecular weights. 
(ii) Sodium bisulphite is used for the purification of aldehydes and ketones. 
(iii) Although aldehydes are readily oxidised to carboxylic acids, yet propanal can be conveniently 
prepared by the oxidation of propanol by acidified dichromate. 
(iv) In the preparation of acetaldehyde from ihe oxidation of ethanol by KiCr/O and conc. HSO% itis 
distilled out as soon as it is formed. 
lv) Formation of oximes and other ammonia derivatives from carbonyl compounds, requires slightly 
acidic media for maximum yield. ПАТ. '86] 
[Hints : In weakly acid media the carbonyl group is protonated to form congugate acid— 
»C-O +H э >©—Он 
But in strongly acid medium the lone pair of electrons of N-atom of the reagent is protonated to give an 
electrophile which соп not react. In basic medium protonation of >C=O group does not take place]. 
(vi) Carbonyl group undergoes nucleophilic addition reaction whereas C=C double bond in alkenes 
undergoes electrophilic addition reaction. 
(vii) Aldehydes ond ketones react with hydroxyl amine hydrochloride in presence of sodium acetate to 
form oxime. 
(viii) Ethanol, KCrzO7 and H;SO, are not mixed together initially and then distilled in the preparation 
of acetoldehyde. [W.B.J.E.E. '86] 
(ix) Tri chloro acetaldehyde can undergo Cannizzaro's reaction. 
15. State what happens when : 
(i) Acetone is heated with bleaching powder. 
(ii) Lime is treated with acetic acid and the product is subjected to dry distillation. 
(iii) Acetaldehyde is treated with dil NaOH and the product is heated. [W.B.H.S. '95] 
(iv) Acetone is treated with HCN and the product is subjected to hydrolysis in presence of acid. 
v) Acetoldehyde is reacted with hydroxyl amine. 
(vi) Propyne is treated with dil H2SO, in presence of HgSO, and the product is treated with PCls, 
(vii) Formaldehyde is treated with ammonia. [W.B.J.E.E. '95] 
(viii) Acetone is heated with la and NaOH. [W.B.H.S. '94] 
(ix) Acetone is oxidised and reduced respectively. 
(x) Acetone is heated with baryta. 
(xi) Acetone is heated with conc. H2504. [W.B.H.S. '91, W.B.J.E.E. '81] 
(xii) Formaldehyde is heated with conc. NaOH solution and the product is acidified. [W.B.J.E.E. '81] 
(xiii) Acetone is oxidised by K;Cr/O; in presence of H2504. 
(xiv) Acetaldehyde and tri methyl acetaldehyde are reacted with alkali separately. — [W.B.H.S. '95] 


(xv) Acetaldehyde is heated with Fehling's solution. ? [W.B.H.S. '94] 
(xvi) A mixture of dry calcium formate and calcium acetate is distilled. 

(xvii) Cl; is passed through an alkaline solution of acetone. [W.B.H.S. '93] 
(xviii) Chloroform is added to acetone. [Roorkee Eng. '92] 


(xix) Formaldehyde is reacted with CHsMg} and the product is subjected to hydrolysis. 
(xx) Acetonitrile is boiled with HCl. > 
(xxi) Formaldehyde is heated with Tollen’s reagent. 


(xxii) Acetone is first reduced by ШАН, ond ће resultant solution is treated with SOC; and the final 
product is treated with alcoholic KOH solution. 


(xiii) Acetone is heated with hydrazine and then sodium ethoxide is added. [W.B.J.E.E. '96] 
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16. Complete the following reactions : 


A C;H.OH 
(i) сњсно р 
а Dil 4 
li) сњсосн, jy وم‎ _ 1 
Dil H 
(iii) С E ы —L ut ? 
Dil H. 
lv) [Aj or [B] + HO LESO y cu cy cog, Ol tc po] 
Dil NaOH 
МА] + CHsCHO > C=C HCHO P!l, сн.снсоон 
Pd 
(vi) CHCOOH ——— — [A] €— Tae ft [c] 
(vii) «њено — 9L > ? itio 2 =н 
Dist Zn + HCl 
H sod 
tiit ot cons — > se m 1 
[Answers : 
(i) CHsCH(OC;Hs)2, 


(ii) CHCl, С;Н» СЊСНО, 

(ш) CH3CHO, CH3CH2OH, CHCl, 

(iv) (A) CHCH,C=CH; (В) CH;C=CCH;; (C)CHl; (D) CH3CH;COONa, 

(М (A) HCHO, K;CrjO;/H*, 

(м) (A) CHCOCI; (В) CH3CHO; (C) CH3CHCl;, 

(vii) CHCOOH; - CH;COCHs; CH3CH;CH;, 

(viii) CHYCH(OH)CHs; CH,CHCICH3; CH4CHeCH;.] 

17. Give one chemical test each to distinguish between the following pairs of compounds : 

(a) Ethanol and acetone [WBJEE 196], (b) Acetaldehyde and acetone, (c) Formaldehyde and acetal- 
dehyde [WBJEE ’96], (d) Formaldehyde and acetone, (e) 2-Pentanone and 3-pentanone, (f) Methanol and 
acetaldehyde, (д) Methanol and 2-propanone, (h) Propanol and propanone, (i) Acetaldehyde and benza- 
Idehyde, (i) Acetaldehyde and propanol. 

18. (i) Two different organic compounds (X) and (Ү) when separately treated with iodine and caustic 
soda produce the same compounds—sodium ethanoate and iodoform. (а) What are (X) and (Y) ? 

How would you convert (X) tg (Y) ond vice versa ? 

(ii) Which compounds of the following do not respond to haloform reaction ? 

(a) CH,COCuHs, (Ы CH}CH;COCHHs, (9 CH;CHO, (d) CHyCH,CHO, 

(e) CH;CHjOH, (0 СНОН, (g) СЊСН(ОН)снз, — (h) CH.CH;CH;OH. 

(iii) [A] and [B] are two isomeric compounds. The ozonolysis of (A) yields ethanal and pentanal. The, 
ozonolysis of (В) yields ргоропопе and butanone. Identify (A) ond (8). 

(iv) How would you separate ethanol and propanone from a mixture of the two [WBJEE ’94]. What is 
formaline ? 

(v) Name the chemical which is present in (a) Fehling's solution, (b) Tollen's reagent, (с) Benedict reagent. 

(vi) An organic compound (A) of molecular formula C,HsCl reacts with alcoholic KOH to produce two 
аа (В) опа (C). On ће ozonolysis of a mixture of (B) and (C) the following three compounds are 
obtained. 

(1) HCHO, (2) CH.CHO and (3) СН:СН:СНО. Find the structures of (A), (B) and (C). [HS WB '95] 
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(vii) Here js a list of form: а for some carbon compounds. The rectangles represent carbon chains which are 
not necessarily the same. 
: (a) Сон (b CHO (01 OL] (di EFC s CH 
(1) Which of the two compounds would react together under suitable conditions to form an acetal ? Give 
the formula of the acetal produced. Name a suitable catalyst for the reaction. 


[Ans. (ај and (b). oeo. CaCl] 
H 


(2) Which compound could be decomposed by heat to form alkene ? [Ans. (a]] 
(3) Which compound could react by addition polymerisation to form plastic ? [Ans. (b)] 
(4) Which two compounds would react with hydrazine to form hydrazone ? [Ans. (b) and (с)] 
(5) Which iwo compounds would respond to aldol condensation ? [Ans. (b) and (cJ] 


(6) Which compound Would give a ketone on hydrolysis by dil H2SO. in presence of HgSO,? [Ans. (d)] 


(viii) Name a compound which on ozonolysis gives ethanal and Н;О;. Give the structure of that compound. 
{Ans. 2, 3-butene, CHG = Ç-CH:] 
DH 


(ix) Give the uses of formaldehyde and acetone. 

(x) Write the structures and names of two different compound having the same molecular formula C3H,O 
belonging to two different homologous series. Mention two reactions which are applicable to both the compounds. 
Mention one reaction of each compound which is not given by the other. (Ans. CHCOCH: end CH3CH;CHO] 

[W.B.J.E.E. ^ 91] 

(xi) What are Fehling's solution and Tollen's reagent ? Which functional group may be identified by using 
these reagents ? [W.B.H.S. 91] 

(xii) How would you prove the presence of carbonyl group in acetone ? [W.B.H.S. '90] 

(xiii) Which of the following compounds undergo aldol condensation ? 

(a) HCHO, (Ы) CHsCHO, (c) CHCOOH, (d) CH3CHO, (е) CH:CH;COCHs. [Ans. (d), (e]] 

(xiv) Describe how acetaldehyde can be obtained from the following compounds.— 

CH;OH, formaldehyde, ethylene, acetic acid and formic acid. 

(xv) How would you synthesise lactic acid from acetylene ? 

(xvi) How would you synthesise 2-butanone from ethanol 


soci Mg/ether CH,;CHO 


{Hints : chicho 50925 chcac Le cH Mg CHO 
aHs 
сн. Сома E> сн,-сн-сн, — eL, снн; со-сні 
T ҮС ROT 


(xvii) How does acetone react with the following— 

(а) NaHSO;, (b) NHs, (c) CsHsNHNH2, (9) CHsMgl, - (e) Dil NaOH. 

(xviii) (A) is an organic liquid which reacts with PCls. (A) reacts with phenyl hydrazine but does not react 
with Tollen's reagent. (А) responds to iodoform test. Mol wt. of (A) is 58; Identiby (A). How is propane obtained 
from (A) ? [Ans. А = CH;COCH;] 

‚© Objective questions: | | 
[A] Select the correct answer(s) : 
(i), Base catalysed aldol condensation occurs with— ! 
(a) Propionaldehyde, (Ы) Benzaldehyde, (с) 2-Methyl propanol, (d) 2, 2-Dimethyl propanal. 
т түн Pell: 3 [Ans. (o); (c]]-[LI.T. '84] 
(ii) Which compound of the following does not undergo Cannizzaro's reaction ? 
(a) Methanol, . (b) Tri chloro acetaldehyde, (c) Benzaldehyde, - (d) ethanal. [Ans. (d)] 
(iii) Which compound(s) undergoes (undergo) aldol condensation ? 
^a] Ethanal, (b) Benzaldehyde, (с) Phenyl acetaldehyde, {d} Ethyl methyl ketone. [Ans. (a), (c), (d)] 


subs 
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(iv) Which of the following are aldol condensation ? 
(a) 2cHcHo -SLNSOH, cu CHOH) CHCHO 


ib) 2(CHsCOCH,) —9 Ph, cu CHIOHICH,COCH, 


Hs 

(c) 2(HCHO) Jeu HCOONa + CH3OH 

(d) CgHsCHO + HCHO Мон, C4HsCH2OH + HCOONa [Ans. (a), (b)] ГЫТ. 89] 
(у) Which of the following would react with alcoholic KCN ? 

(a) CH3CH2Cl (b) CH3COCI (с) CgHsCl (d) CHsCHO [Ans. (a), (d)] [I.I T. 89] 
(vi) Which of the following is used to preserve biological and anatomical specimen— 

(a) CHCHO (b) СН;СООН (с) CH;-O-CH; (9) HCHO [Ans. (d)] [Jt Ent. "96] 
(vii) Which of the following will give yellow ppt with I; and alkali ? 

(a) 2-hydroxy propane, (b) Acetophenone, (c) Methyl acetate, (d) Acetamide.[Ans. (a), (b)] [I.L.T. 84] 
(viii) Which of the following forces explain the boiling points of aldehydes and ketones ? 

(a).H-bonding, (b) Vander Waal forces, (c) Dipole-dipole attraction, (9) Any other. [Ans. (c)] 
(ix) Which of the following can be used for the preparation of chloroform ? 

(a) CHCH;COCH;CH;, (b) CH;COCHs, (c) C;HSCOCsH;, (9) C4HICOCH;. [Ans. (b), (d)] 
(x) The reagent with which both acetaldehyde and acetone react easily is 

(a) Fehling's solution; (b) Grignard reagent, (с) Schiff's reagent, (d) Tollen’s reagent. 

[Ans. (bJ] ПТ. *81] 

xi) The formation of cyanohydrin from a ketone is an example of 

(a) electrophilic addition, (b) nucleophilic addition, (c) nucleophilic substitution, (d) electrophilic 


titution. [Ans. (b]] [II.T. 90] ' 
xii) When acetaldehyde is heated with Fehling's solution it gives a precipitate of 
(a) Cu, (b) CuO, (c) CujO, (d) Cu + CuO + Cu;O. [Ans. (c) ILLT. *83] 


xiii] Cannizzaro's reaction is not given by 
(a) Tri methyl acetaldehyde, (b) Acetaldehyde, (c) Benzaldehyde, (9) Formaldehyde. 
[Ans. (ЫЫТ. ’83] 
xiv) A compound that gives positive iodoform test is 
(a) 1-pentanol, · (Ы) 2-pentanone, (с) 3-pentanone, (d) pentanal. [Ans. (b)] 
ху) Which of the following is oxidised to give methyl ethyl ketone ? 
(a) 2-Propanol, (b) 1-Butanol, (с) 2-Butanol, (d) -Butyl alcohol. [Ans. (c]] [1.1.T. '87] 
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11.1. Carboxylic acids. 


The compounds which contain one or more carboxyl groups [-¢ = o] have acidic 
H 


properties and are known as carboxylic acids. The functional group of carboxylic acids 
is [= m e] .Itis composed of one carbonyl group cc =0) and one hydroxyl (COH) group. 
H 


Carboxylic acids are classified as mono, di, tri ete., carboxylic acids according to the 
number of carboxyl groups present in the acid. 

(i) Mono carboxylic acids : Organic acids having one carboxyl group are called mono 
carboxylic acids. Such type of acids contain only one replaceable hydrogen atom in -COOH 
group. The saturated mono carboxylic acids are called fatty acids since the higher members 
of this series of compounds e.g., palmitic acid (СНСООН), stearic acid (C,7H;;COOH) 
were first isolated from fats, Lawer members of this series e.g., formic acid, acetic acid etc., 
are not present in fats or oils. 

The general formula of this homologous series is RCOOH where R = hydrogen or any 
alkyl radical. 

HCOOH CH,COOH CH,CH;COOH 
Formic acid Acetic acid Propanoic acid 

(ii) Di carboxylic acids : Organic acids having two carboxyl groups are called di carboxylic 
acids. Such type of acids contain two replaceable hydrogen atoms. They are named as alkane 
di-oic acid according to IUPAC system. 


OOH PU aah CH,COOH 
COOH * COOH CH,COOH 
Oxalic acid or Melonic acid or Succinic acid or 
Ethane di oic acid Propane di oic acid Butane di oic acid 


(iii) Tri carboxylic acids : Organic acids having three carboxyl groups are called tri 
carboxylic acid. Such type of acids contain three replaceable hydrogen atoms e.g., citric 
acid. found in citrous fruits. 

CH,COOH 
'H(OH)COOH 
CH;COOH 
Citric acid 
11.2. General methods of preparation of mono carboxylic acids. 

(1) By the oxidation of primary alcohols and aldehydes : Mono carboxylic acids are 
prepared by the oxidation of primary alcohols or aldehydes. The oxidation is carried out by a 
mixture of sodium or potassium dichromate and conc. H;SO,, or acidified potassium 


permanganate. The carboxylic acid thus obtained contain the same number of carbon atoms 
as that of the starting alcohols of aldehydes. For examples, 


[О] 10] 
RCH: OH erg RCHO кебун? RCOOH 
Alcohol ы Aldehyde = Acid 
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[О] [О] 
> CH,CH,OH KEO CH;CHO RCO, CH;COOH 
Ethanol А Acetaldehyde ^ Acetic acid 
(2) By the drastic oxidation of secondary alcohols and ketones : Mono carboxylic acids 
are obtained by the drastic oxidation of secondary alcohols or ketones by strong oxidising 
agents like hot nitric acid, chromic acid, acidified KMnO, etc. The acids thus produced contain 
a lesser number of carbon atoms than that of the parent alcohols or ketones. 


О О; 
CH;-CH-OH at CHC =0 e CH;COOH + СО, + HO 
CH; CH; 
2-Propanol Acetone Acetic acid 


[О] [О] 
CEE KEHOE CHCH GCH: солн” CH,COOH + CH,COOH 
о 


2-Butanol 2-Butanone Ethanoic acid Ethanoic acid 
(3) By the hydrolysis of nitriles or alkyl cyanides : Alkyl cyanides are prepared by the 
action of alkyl halides with NaCN or KCN. The alk vl cyanides thus produced on acid hydrolysis 
yield carboxylic acids. 


[К 
R-X + KCN ——> RCN era - RCOON NH; 
Alkylhalide Alkyl cyanide Add 
CH.CH, + KCN —> CH.CH.CN йі? CH,CH;COOH + NH: 
Ethyl iodide Ethyl cyanide Propanoic acid 


The produced acid contains one more carbon atom than the parent alkyl halide. 
e Mechanism of the hydrolysis of alkyl cyanides : 


(Y, ee "x, 
R-GÁN aa R-C e Nie н-ң? ROG SNH SLE sie 
Mecum by VO сн Ó 


ee 


NHa 007 = теч + МН; <—— Rm: 
о о o 


e The method of increasing the number of carbon atom in a carbon chain. 

Cyano group [-CN] group is introduced in order to increase the number of carbon atom in a carbon chain. 

At first alcohol is reacted with Red P and X; to produce alkyl halide. In the next step the produced alkyl halide 
is reacted with KCN to produce alkyl cyanide resulting the increase of one carbon atom in the carbon chain. 
The resulting alkyl cyanide on acid hydrolysis yields carboxylic acid in which the number of carbon atom is 
increased by one than that of the starting alkyl halide. 

The produced alkyl cyanide on being reduced by Na/alcohol, yields alkyl amine which on being treated with 
nitrous acid forms alcohol having greater number of carbon atoms than that of the parent alcohol. 


Р/\; KCN но 
(i) RCH,OH ——» RCHA — —* RGH;EN-— ~ RCH,COOH 
Alcohol Alkyl iodide Alkyl cyanide Carboxylic acid 
"i Na/clcohol 


HNO; 
RCH;CH4NH; — — —* RCH;CH;OH 


Alkyl amine Alcohol having greater 
number of C. atoms 
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D KCN н, 

(ii) всоон > acu oH RSP > Rep, — КСНС HO» ронсоон 
Acid havin Alcohol Alkyl iodide Alkyl cyanide Acid having 
lesser ише greater number 
carbon atom [н] of C-atoms 

Na/alcohol 
10] [0] 9 HNO; 
RCH;COOH <—— RCH;CHO *—— RCH;CH;OH «— — RCH;CH2NH; 
Acid Aldehyde Alcohol having Alkyl amine 
greater number 
of C atoms 


(4) By the action of Grignard reagent : When carbon di-oxide gas is passed through a 
solution of Grignard reagent in dry ether, an addition compound is formed which on acid 
hydrolysis yields carboxylic acids. 


H 
RMgX + CO; A, R-C =0 =? RGO + puo COH 
Grignard OMX OH X 
Bogen Addition compd. Carboxylic acid 

њо 
CH;Mgl + Co, Уе, сњ-с=0 “Hq 08-6205 месн 
died ÓMgl ÓH 

iodide 4 ا‎ 
Addition compd. Acelic acid 


(5) By the hydrolysis of esters : When esters are treated with warm mineral acids, undergo 
hydrolysis with the formation оў. alcohol and carboxylic acids. When the hydrolysis is carried 
out by aqueous solution of alkali, metal salts ofthe acids are obtained which on treatment with 
HCl or HSO, yield free carboxylic acids. 

Fats and oils are glyceryl esters of higher fatty acids e.g., stearic acid, palmitic acid etc. 
These glyceryl esters when treated with sodium or potassium hydroxide solution, undergo 
hydrolysis (alkaline hydrolysis) to produce sodium or potassium salts ofthe higher fatty acids 
and glycerol. These salts on being treated with HCI or H;SO, yield higher fatty acids. The 
produced sodium or potassium salts are soap. 

Thus the alkaline hydrolysis of an ester to form salt of the parent acid and alcohol is called 
saponification. 


2290 HOH 
CHOCOR + 3NaOH ———> HOH + 3RCOONa 
CH;OCOR 1 CH,OH 


Glyceride (ester) -Glycerol Sodium salt of 
` ШЕЕ higher fatty acid 
(6) By the hydrolysis of acid chlorides and acid anhydrides : Acid chlorides or acid 
anhydrides undergo hydrolysis with the formation of carboxylic acids e.g., Acetyl chloride 
undergoes hydrolysis with the formation of acetic acid. i я 
CH,COCI +H.OH ——> CH;COOH + НСІ 


Acetyl chloride Acetic acid 

eo >0+H.OH ——» 2CH,COOH 
3 

Acetic anhydride Acetic acid 


(7) By the hydrolysis of acid amides, mono carboxylic acids are obtained. 


CH,CONH, + H.OH ——» CH,COOH + NH4CI 
Acetamide | Acetic acid 
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(8) From sodium alkoxides : When sodium alkoxides are treated with carbon monoxide at 
150*C-200*C under high pressure, sodium salts of mono-carboxylic acids are obtained. 


CH,CH,ONa + CO—22°C .. cH.CH,COONa UCL» CH,CH;COOH + NaCl 


Sod. ethoxide’ 1 Sod. propionate Propanoic acid 
Free acids are obtained by treating the produced sodium salts with mineral acids НСІ or 


HS0; 
(9) By heating a dicarboxylic acid having two -COOH groups attached to the same carbon 
atom. For example, when malonic acid i is heated; one molecule of CO, is eliminated with the 
formation of acetic acid. 


150°C 
cp, COOH COOH: a? СНСООН + CO, 


Malonic acid Acetic acid 
(10) By the carboxylation of alkenes : Mono carboxylic acids are produced by heating an 
alkene with CO and steam under pressure at 300* C-400*C in presence of phosphoric acid as 
catalyst. 


CH=CH, + CO + њо 9. CH,CH,COOH 
Ethylene ч Propanoic acid 


(11) By hypohalite oxidation of methyl ketones : When methyl ketones are treated with 
halogens in presence of alkali, haloform and metallic salts of carboxylic acids are produced. 


See А TI3Cb > Bip S * 3HCI 


O 
Methyl ketone 
د‎ + NaOH —> RoC ONA + CHCl, 


O 
Sodium salt Chloroform 
(12) From aceto acetic ester or its derivatives : Ethyl aceto acetate or its derivatives when 
boiled with concentrated-ethanolic potassium hydroxide solution yields acetic acid and higher 
acids. 
5 CH,COCH,COOC,H,; + 2KOH —* CH.COOK + CH,COOK + C;H;OH 
R 


| R 
CH,CO¢COOGHs + 2KOH —> CH,COOK + p7 CH.COOK + C;H.OH 


Thus butanoic acid may be synthesised from ethyl aceto acetate as shown below : 


0 
1 i it : 
CH OG Ос: CHONG, [сн,сснсосун,] Nat + C;H;OH 


Ethyl aceto acetate 


i 
[ CHCCHCOCH Nat + GHI —> снбснсос,н, + Nal 
СН; 


? ү 
CH,CCHCOCIH, ent CH,COOK + C;H;CH;COOK + C,H;OH 


CH; Pot. acetate _ Pot. butanoate 
dil HCI 


C,H;CH;COOK — > C,H;-CH,COOH +KCl 
Butanoic acid 
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11.3. Properties of mono carboxylic acids. 

[A] Physical : (i) The first three numbers of mono carboxylic acids e.g., formic acid, acetic 
acid and propanoic acid are colourless, pungent smelling corrosive liquids. The next acids, 
from C4H40; to СН О; are liquids having sharp smell and the higher members are odourless 
solids. 5 

(ii) Solubility : Since the -COOH group of the carboxylic acids is polar, the lower members 
of carboxylic acids (upto C4) can form hydrogen bonds with water molecules. Consequently 
they are very soluble in water. But the solubility decreases rapidly with the increase of 
molecular weights. This decrease in solubility is because of the increase in the size of the alkyl 
group which out-weights the effects of polar -COOH group. 


-H-0-H-O-C - O-H-O-H-O-C =0- 


ава of H bonds between water and acid molecules 

Carboxylic acids are readily soluble in alcohol, benzene and ether. 

(iii) Melting points : The melting points of carboxylic acids increase irregularly with the 
increase of molecular weights. The melting point of a carboxylic acid having even number of 
carbon atoms is always higher than those of the two odd numbers immediately below and 
above it. 

This is due to the fact that, in even numbered acids, the -COOH group and the terminal -СНз group lie on 


the opposite sides of the zig-zag carbon chain. This 
РАЖ а су Seon arrangement makes them fit better in the сгуз!с! 
3 У lattice, and increases the inter molecular forces 
Even No. of C -Ch and -COOH grlie which in tum increases the melting points. On the 
quom» in opposite side other hand, the odd numbered acids have the 
/ е6 PAS S carbonyl group and the terminal methyl group on the 
сн G СООН same side of the zig-zag chain, which results in 
Odd No. of C -CH; and -COOH gr lie decrease in inter molecular forces. This causes the 
atoms on the same side decrease in the melting point. 


(iv) Boiling points : The arrangement of alkanes, ethers, carbonyl compounds, alcohols 
and carboxylic acids are shown below in the order of increasing boiling points. 

Alkanes < Ethers < Carbonyl compounds < Alcohols < Carboxylic acids. 

This is due to the fact that (a) since alkanes are non-polar compounds and ethers are very 
weak polar compounds, they can not form hydrogen bonds among themselves. 

(b) The carbonyl compounds though polar, their molecules can not. form hydrogen bonds 
with each other. 


(c) Alcohols are polar and their molecules can form hydrogen bonds with each other, but 
they can not form dimer with each other. 


ө The boiling points of carboxylic acids are higher than those of alcohols of comparable 
molecular weights. 


This is due to the fact that, the hydrogen bonding in carboxylic acids is much stronger than that exists between 
the alcohol molecules. The polarity of -O-H group of the carboxyl group e = О) of carboxylic acids is much 


OH 
higher than that of -O-H group in alcohols due to -1 effect of carbonyl group. Besides this, the C=O groups 
of acids are also able to form hydrogen bonds. As a result, the lower fatty acids exist as dimers through hydrogen 


OHA O--H—O. 
"d CH cme E 


о—н= А EM 


Dimer of formic acid Dimer of acetic acid 
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bondings. High heat energy is required to convert the dimers to monomers. This explains why the b. p. of carboxylic 
acid is greater than that of alcohol. 

e Although n-propyl alcohol and acetic acid both have the same molecular mass (60), the former boils 
at lower temperature (97°C) than the latter (1 18*C]—explain why. 

The boiling points of carboxylic acids (e.g., acetic acid) are higher than those of alcohols of same molecular 
weight (e.g. n-propyl alcohol). This is because of the foct that although both alcohols and carboxylic acids can 
form inter molecular hydrogen bond, the hydrogen bonding between the molecules of carboxylic acid is much 
stronger than those which exist between the alcohol molecules. The polarity of -O-H group in Be = О] group 


OH 
is much greater than that of the -O-H group present in alcohols. Again the other part, -€ =O of carboxyl group. 


being polar, can form hydrogen bonding. As a result, acetic acid (fatty acids Goro, 

in general) exists as cyclic dimer begause of the inter molecular hydrogen СН;—С d ССН, 
bonding between two molecules. High energy is required to convert Ihe dimer Уно2 

into monomer. On the otherhand much less energy is required to break ће Dimer of acetic acid 

inter molecular hydrogen bonding formed among alcohol molecules. This explains why the boiling point of acetic 


acid is greater than that of n-propyl alcohol. 
[В] Chemical : The functional group of carboxylic acids is ү = О], consequently all the 


chemical reactions ofa carboxylic acid depend on this functional ас The chemical reactions 
of aliphatic mono carboxylic acids can be grouped as follows— 

(i) Replacement of ionic hydrogen, 

(ii) Replacement of OH part of -COOH group, 

(iii) Reactions involving the carbonyl part of -COOH group. 

(iv) Decarboxylation. 

(v) Replacement of H atoms of the alkyl group by halogen atoms. 

Reactions involving 


Replacement of H atoms of the carbonyl part 
the alkyl group Гын E 


Decarboxylation Replacement of i Replacement of 
hydroxyl group ionised hydrogen 
Fig. 11.1 


(1) Replacement of ionic hydrogen of -COOH group : 
(a) Acid property of carboxylic acids : The molecules of aliphatic monocarboxylic acids are 
slightly ionised in aqueous solution giving H* ions i.e., hydroxonium ions (H,0*). 
RCOOH + Н.О = RCOO + H,0° : 
These acids are weak acids. The degree of dissociation of such type of acids becomes less 
with the increase of molecular weights. Consequently, formic acid, the first member of this type 
of acids, is the strongest. Due to the presence of H* ions in the aqueous solution, these acids 


à (i) turn the blue litmus solution red, (ii) react with base or alkali to produce salts and water, 
(iii) react with carbonates and bicarbonates to produce salts with the evolution of CO). 
(iv) react with strongly electro-positive metals (Na, K, Ca, Mg, Zn etc.) to produce the 

corresponding salts liberating free hydrogen. 
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With alkali : RCOOH + NaOH ~ > RCOONa +O 
Acid Salt 
CH,COOH + NaOH ә CH:COONa +H,O 
Acetic acid Sod. acetate 

With base : 2RCOOH. + CaO (RCOO),Ca + HO 


a 
2CH,COOH CaO = (CH:COO);Ca + HO 


Acetic acid Ca acetate 


+ 


With carbonates : 2CH,COOH + Na;CO, — 2CH4COONa + CO, + H;O 

With bicarbonates: CH,COOH + NaHCO, — CH,COONa + СО, + НО 

With metals : 2CH;,COOH + 2Na — 2CH,COONa +H; 
2RCOOH + Zn — (RCOO),Zn +H; 


© Acidity of carboxylic acids : 

The acidic property exhibited by carboxylic acids is due to the resonance in the carboxyl group of the acids. 
Due to resonance, the electrons from O atom of O-H group are transferred which imparts positive charge on the 
oxygen afom of the hydroxyl group. 


О 5 o о. 
(ee : 1S 1 
شه پیم‎ E: REC AO <> Reze je HT 
ve cee 
Carboxylic acid. Resonance hybrid Carboxylate ion. Resonance 
of non-equivalent structures. hybrid of equivalent structures. 


The positive charge on the oxygen atom draws the electron pair of O-H bond towards oxygen atom and as 
а result the H-atom of -O-H group is eliminated as proton with the formation of a carboxylate ion. 


1.23А 1.27À E As soonas the carboxylate ion is formed, itis stabilized by means 
О NA „О of resonance. Due to the formation of resonating structures, the 
HEK H-C Ой negative charge оп the carboxylate ion is evenly distributed over both 
y^ OH 7.0 the oxygen atoms. This is supported by the evidence of bond lengths 
1.36À 1.27А in carboxylic acid and carboxylate ion. For example, the bond lengths 
Formic acid Formate ion in formic acid and formate ion are shown here. 


Thus, the strength of a carboxylic acid increases with the increased delocalisation of the negative charge of 
the carboxylate ion. 


o 
кс c ee RCS TE к 
78 Я 
DA beo 
Resonance forms of carboxy- Resonance hybrid 
late ion-equivalent structures of carboxylate ion 


Due to the equivalent resonating structures, the carboxylate ion becomes more stable than the parent 
carboxylicacid. Asa result, the equilibrium: of the ionisation of carboxylic acid shifts to the right causing. the release 


of a proton (H*]. 
О: Qi- 
عم‎ = [mcg | cH 
cH * 

€ Effect of substituents on acidity : 

The carboxylic acids exhibit acid property because of the stabilization i.e., delocalisation of the negative 
charge on the carboxylate ion. Consequently, any factor which stabilizes the carboxylate ion by enhancing the 
delocalisation of its negative charge, will increase the acidity. On the otherhand, any factdr which decreases the 


delocalisation of the carboxylate ion by intensifying the negative charge of the carboxylate ion, will decrease the 
acidity of the acid. ' 


(i) The electron withdrawing substituents like -NO2, -C.Hs, -CN efc., stabilize the carboxylate ion by 
dispersing the negative charge and hence increase the acidity of the acid, 
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(ii) On the otherhand, electron releasing substituents like -CH group would destabilize the carboxylate ion 
by intensifying the negative charge and thus decrease the acidity of the acid. 


о ZO 
[re 6) 
Substituent X withdraws electrons Substitvent Y releases electrons and 


and thus stabilises the ion by dis- destabilizes the ion by intensifying 
persing the negative charge. Hence the negative charge. Hence decreases 
increases the acidity. the acidity. 

As for example, alkyl groups are electron repelling substituents, consequently their presence in the 
molecule of an acid will decrease its acidity. 

Thus the strength of formic acid, acetic acid, propanoic acid is in the order- 

CHCOOH < СНСООН < НСООН. 
"as we can conclude that, greater the length of the alkyl chain, the lower will be the acidity of the 
acid. 

(iii) The electron withdrawing nature of halogens is in the orde- F > Cl > Br> I 

Consequently the strength of halogen substituted acids is in the order. 

CH;FCOOH > CH,CICOOH > CH;BrCOOH > CH;ICOOH. 

(iv) The following order is observed in chloro acids- 

CCl;COOH > CHCI;COOH > CH,CICOOH>CH;COOH. 

Again CH;CHCICOOH is stronger than CH;CICH;COCH. This is because of the fact that, the inductive effect 
of Cl atom in a-position is greater than in f-position. 

(v) Benzoic acid is stronger than simple aliphatic acids. This is because of the fact that, the carboxylate group 
is attached to the carbon atom of the phenyl group which is тоге electro-negative carbon (sp? hybridised) than 
the carbon (sp? hybridised) in aliphatic acid. 

(vi) a, B-unsaturated carboxylic acids are stronger than corresponding saturated carboxylic acid. This will 
be evident from the pK, values of the corresponding carboxylic acid. 


Acid pK, 
СН; = CHCOOH (Acrylic acid) 4.23 
CH = C,COOH (Propiolic acid) 1.84 
CH;COCH (Acetic acid) 4.74 


In acrylic acid carbon of COOH group is attached to sp? carbon. Hence electron pair forming C, and C; bond 
is drawn closer to C; carbon atom. Orbitals having more s-character are more electro-negative. Larger the electro- 
negativity of the a-carbon atom, stronger is the acid property of the carboxylic acid. This effectis more pronounced 
in propiolic acid with a-carbon atom in sp hybridised state. . 


Н sp? 5 sp 
1 | < CH ui aps qiiae : 
| oH ш Уон bi з 
H 
Acetic acid Acrylic acid Propiolic acid 


(b) Formation of esters (Esterification) : 

In presence of dehydrating agents like anhydrous zinc chloride or conc, H504, fatty acids 
react with alcohols to produce esters. The reaction is reversible, consequently to make it 
irreversible, conc. Н.О, is added so that the produced HO is absorbed. 


RCOOH +R'0H ®“, RCOOR' + HO 


Acid Alcohol * Ester 
Glacial acetic acid reacts with ethanol in presence of conc. H,SO, to produce ethyl acetate. 
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CH,COOH + C;H,OH - 50:5 CH,COOC;H; + ЊО 
Acetic acid Ethanol Ethyl acetate 
[The greater is the bulk of the alkyl group joined to the C atom which is bonded with -OH group of alcohol 
or -COCH group of acid, the slower will be the esterification. Thus the rate of esterification decreases in the 
following order- 
(i) Alcohols- CH.OH > CH.CH;OH > (CH); CHOH >  (CH4;COH 
(ii) Acids- НСООН >  CH.COOH >  (CH3;CHCOOH > (CHs)sSCCOOH 
o Mechanism of esterification : 


Esterification of carboxylic ester with alcohol in presence of conc. HO, is an example of acid catalysed Acyl- 
oxygen fission bimolecular mechanism which is schematically shown below : 


D pee cns DATOS 
Roh RAO meom КОН 
low 


Р $ 
Ht si Ht 3 " 
== кейн == к-н == к +ңо+ҥ 
OR ORH OR’ 
Ester 


(2) Replacement of hydroxyl group : 
(a) Reaction with phosphorus halides or thionyl chloride-formation of acid halides. 
Carboxylic acids react with PCI; or PCI; or thionyl chloride to form acid halides. 


ЄН ROW ЕРЕ с” CHG =0 + POCI, + HCI 


OH cl 
Acetic acid Acetyl chloride 


3ICH.-C =0]+РСь ج‎ 3[CHs-G = O] + HPO; 
OH CI 
CH =O +SOCI, د‎ =O +50, +HCl 
OH 


СІ 
Acetic acid Acetyl chloride 


(b) Reaction with ammonia-formation of amides : Carboxylic acids react with ammonia or 
ammonium hydroxide to produce the ammonium salts of the acids. The produced ammonium 
salts on being heated strongly yield acid amides. The acid amides thus produced, when treated 
with POs yield nitriles. 


-H О. 
RCOOH + NH. —* RCOONH,— > RCONH, SS RCN 
Acid Ammonium salt Acid amide Alkyl cyanide 


; Acetic acid when treated with ammonia yields ammonium acetate. Ammonium acetate on 
being heated strongly yields acetamide. Acetamide when treated with P20; produces methyl 
cyanide. or aceto nitrile. 


CH,COOH + NH,OH —> CH,COONH, 9 CH,CONH: BOs, CH.CN 
Acelic acid Ammonium Acetamide Т Aceto- 


acetate nitrile 
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(3) Reactions of carbonyl group : 
(a) Reduction of fatty acids : When carboxylic acids are reduced by LiAlH,, alcohols afe 
produced. 


RC=0 ai R-CHOH + HO 
OH Alcohol 

Acid 4H 

CH;COOH TAF CHsCHOH + Н.О 

Acetic acid Ethanol 


(b) Fatty acids are reduced by hydrogen in presence of copper and chromium oxide heated 
to 400°C to produce alcohols. 


4H 
R-COOH COM CHOS. RCH,OH + ЊО. 


(e) Prolonged reduction of fatty acids with hydrogen in presence of concentrated hydiodic 
acid and red phosphorus at 200°С in a sealed tube yields alkanes. 


RCOOH + 3H, Н >) RCH + 2H20 


Acid "a Alkane 
CH,CH;COOH + ЗН; Se CH:CH,CH, +) 290 
Propanoic acid Propane 


(4) Decarboxylation : 
(ayAction of heat on sodium salts : With the exception of formic acid, the anhydrous alkali 
metal salts of fatty acids on being heated with soda lime (NaOH + Ca(OH),] gives alkanes. 
CH4COONa + NaOH UNE CH, + NaCO; 


Sod. acetate Methane 
CH.CH;COONa + NaOH —* CH;-CH, + Na,CO; 
Sod. Propanoate Ethane 


(b) Electrolysis of concentrated solution of sodium or potassiunr salts of fatty acids gives 
alkanes (exception-sodium or potassium formate). 
CH,COONa == CH;COO + Na* 
HQ = H+ OH: 
Atcathode : 2H* + 2e > Н K 
At anode : 2CH,COO—2e > 2CH;COO 4 С.Н, + 2CO; 
Ethane 
(c) Reaction of silver salts with halogens : When silver salts of fatty acids are heated with 
bromine in dry CCl, medium, the -COOH group is replaced by bromine to form alkyl 
bromide. 
As for example, silver acetate reacts with bromine to produce methyl bromide. 


CHCOOAg BY —С©'— CHBr + CONN AgBr 


When iodine is used alkyl iodide is produced. This reaction is known as Hunsdiecker 
reaction. 
By this reaction.a carboxylic acid.can be converted fo its next lower homologous. 


RCH;COOH АОН, RcH;COOAg =” RCH;Br 99, RCH,OH 
4 
[oji] коо 
RCOOH 


CH-II/55 
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(5) Replacement of hydrogen atom of alkyl group by halogens :: X 
Hell-Volhard-Zelinsky reaction (H.V.Z. reaction) : In presence of red phosphorus, chlorine 
or bromine reacts with carboxylic acids, when the &-hydrogen atoms of the acids are replaced 
by chlorine or bromine atoms to produce o-halogenated acids. 
R-CH,COOH + Br, —Ê> R-CHCOOH + HBr 


Carboxylic acid Br 
a-halogenated acid 
CH4COOH + Cl; c CH,CICOOH + НСІ 
Acetic acid 2-Chloro ethanoic acid 
cu.cu.coon “> снснсісоон —/ > сн,ссьсоон 
Propanoic acid 2-Chloro propanoic acid 2, 2-Dichloro propanoic acid 


(6) (a) When the calcium salts of fatty acids except formic acid, are heated, ketones are 
obtained. 


ICH,CO!O 
T. ims Ca —,—- CH,COCH; + CaCO; 
[EH CO Acetone 
(b) When a mixture of calcium formate and calcium salts of any fatty acids is 


heated, aldehydes are produced. Some amount of formaldehyde and acetone are also 


produced. 
HiCOO 
Hen 0 cas SH: > Са > 2CH,CHO + 2CaCo, 
HCOO CH, COO 
Ca formate Ca, acetate Acetaldehyde 


(7) When vapours of carboxylic acids are passed over heated MnO or ThO, (Thoria) at 
400°C, ketones are obtained (This reaction is not given by formic acid). 
2[RCOOH] OI COR CO; + H;O 
З 400°С 
Аса Ketone 
RCOOH + R'COOH 2 RCOR' + СО, + Н.О. 
Mixed ketone 
(8) Formation of anhydrides : Carboxylic acids undergo dehydration when they are heated 
with P;O; to produce acid anhydrides. 


? 0 
E RIG LGR 
Acid anhydride 


li i oi 
CH:CÍOH + H-0-C-CH, ©: сн,-С-о-С-сн, 


Acetic acid Aceticanhydride 


(9) Schimdt reaction : Hydrazoic acid reacts with carboxylic ucids in presence of conc. 
H3SO0, at high temperature to produce alkyl amines. 


CH.COOH + HN, ®, CHINH, + N; + CO; 


Acetic acid Methyl amine 
(10) Arndt-Eistert reaction : This is a method of converting a carboxylic acid into its next 
higher homologue by treating the acid chloride with diazomethane when diazo ketone is 
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formed. The resulting diazo ketone is warmed with water in presence of finely powdered silver 
oxide as catalyst when carboxylic acid of next higher homologue is produced. 


RCOOH — C gcoci 209%, RCOCHN; + №, + CH.CI 
Diazo ketone 
RCOCHN; St RCH;COOH + №, 
А possible mechanism is as follows : 
=? ана — RC OH кенне CN; 
d 


Сн, + HCl —> CHCl + N; 


: Varr n 
R 1 Vue uuu 2: о-в S. ос сн Н On¢—CHR 


а OH 
(Higher acid) 
“ALIPHATIC MONO- 
ARBOXYLICACID _ 
CHa COOH 
топе M 
Hie [О] о H.OH/NaOH ESTER 
C,H5,,,0H K;Cr,O;/H;SO, N Hydrolysis RCOOR 
= о ل ا‎ 
© 
NUES ENNIO ТАШ A 
ALKYL i 
H.OH R H.OH TRIHALO 
C MEE He B Hydrolysis ALKANE 
C.H», * СМ RCX; 
о 
X 
Y 
ACID H CO/dil H,SO SOD. 
curo H ae i E js Y tam ALKOXIDE 
RCOCI Hae Ay I RONa 
C ل ا‎ 
A 
ACID [o Oxidation SEC 
H.OH/H* 
AMIDE = E OHO, | ALCOHOL 
RCONH; Hydrolysis I K;Cr;O;/H:S0. RCH(OH)R 
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9 REACTIONS OF MONO-CARBOXYLIC ACIDS e 


NaOH 
Alkali RCOONA 
Sodium salt 
Ма Оз RCOONa+CO;+ HO 
Replacement Metal carbonates 
of H* ions W 
LL e» RCOONa +H, 
Metal 
ral RCOOC;H; 
HS0, Ester 
PCI; 
RCOCI 
Acid chloride 
PCl, 
Replacement RCOCI 
of Hydroxyl Acid chloride 
SEA к GSS RCO! 
Acid chloride 
[аш ИУ 1 ¢ RCONH, 
Ge Acid amide 
a RCH;OH 
ЦАН, 2 
"O Alcohol 
Reactions of [4H] KOROR 
carbonyl 2 
group E Alcohol 
[6H] 
LL L1 R-CH, 
Red P/HI Allano 
De- Sodium salt 
carboxylation Sodalime. А RH 
Ч Alkane 
at Red P + X; 
> RCHXCOOH 
Halogeno acid 
s һо; TECN 
i RCO ~ 
Acid drid 
Electrolysis of K-salt аа гунч» 
> R-R 


Alkane 
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ө FORMIC ACID or METHANOIC ACID ө 
] (НСООН) 

The first member оў! ‘monocarboxylic acid series is formic acid. Yt occurs in the stings of red 

ants (Formica), bees and wasp. Hence the name formic acid is given to it. 
‘11.4. Preparation of formic acid. 

(1) Laboratory method : 

[A] Principle : In the laboratory, formic acid is prepared by heating а mixture of glycerol 
and oxalic acid at 110°C. The reactions take place in three steps. 

(i) In the first step glycerol reacts with oxalic acid to form glycerol mono oxalate. 


Andr à 
сн; [OH H 1996 ааыа 
п 1 S 
CHOH + НООС gigs CHOH 4 HO 
CH,OH CH,OH 
Glycerol Oxalic acid Glycerol mono oxalate 
(ii) In the next step, glycerol mono oxalate is converted to glycerol mono formate. 
CH, OOC- COOH CHIOOCH 
i 3 
CH OH TE с OH + СО, 
| 
CH;OH CH;OH 
Glycerol mono oxalate Glycerol mono formate , 


(iii) In the third step, the produced glycerol топо formate reacts with the excess of oxalic 
acid to produce formic acid and glycerol mono oxalate. Glycerol mono oxalate is again 
converted to glycerol mono formate. Thus the cycle of changes is repeated and a small quantity 
of glycerol can convert а large amount of oxalic acid into formic acid. 


CH; ООС {Н à —Ó 
CHOH px HOH + HCOOH 
| 
CH;OH CH;OH 
Glycerol monoformate Oxalic acid Glycerol mono Formic acid 
oxalate 


(mono formin) 

[B] Procedure : A mixture of dry glycerol and oxalic acid is taken in a distillation flask 
fitted with a Liebig's condenser. The other end of the condenser is introduced into a receiving 
flask. A thermometéris introduced into the distillation flask so that its bulb is completely dipped 
into the liquid. The flask is now carefully heated on a sand bath and the temperature is 


maintained within 100°C-110°C. 


Aqueous кй. 
cl formic acid 


ird arde a 


Fig. 1 1:2 : Preparation of formic acid 
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Reactions take place with the evolution of CO;. When the evolution of CO, ceases, the flask 
is cooled to 70°С-80°С and more oxalic acid is added. The temperature is again raised to 110°C 
when aqueous solution of formic acid distills over and collects in the receiving flask. 

[C] Purification :Preparation of anhydrous formic acid : Since the boiling point of formic 
acid (100.5?C) is very near to the boiling point of water (100°C), it is not possible to separate 
formic acid from water by fractional distillation. On the otherhand, water can not be removed 
from formic acid by its treatment with conc. H,SO,, since conc. H,SO, dehydrates formic acid 
to form CO and Н,О. 

(i) Consequently, to obtain anhydrous formic acid, the produced aqueous formic acid is 
treated litharge or lead carbonate and the resulting solution is filtered. The filtrate is 
concentrated by evaporation and then cooled, wher crystals of lead formate seperate out from 
the solution. 

2HCOOH + PbCO; 4 (HCOO),Pb + H,O + СО, 


(ii) The crystals of lead formate are dried and heated to 100°C in a current of HS when the 

anhydrous formic acid distills over and collects in a receiver. 
(HCOO),Pb + HS + 2HCOOH + PbS. 

(iii) The anhydrous formic acid thus obtained is contaminated with a small amount of 
hydrogen sulphide. To remove H,S from the acid, it is redistilled over some dry lead formate 
when pure anhydrous formic acid is obtained. 

(2) By the catalytic oxidation of methanol or formaldehyde : When a mixture of air and 
methanol vapour or formaldehyde vapour is passed over heated platinum black as catalyst, 
methanol or formaldehyde is oxidised to produce formic atid. 


СН.ОН + 0: ——pga ^ НСООН + HO 


Methanol Formic acid 
2HCHO +0: рер 2HCOOH 
Formaldehyde Formic acid 


(3) By the action of carbon monoxide on NaOH : Formic acid is prepared industrially by 
passing CO over powdered sodium hydroxide at 200°C under a pressure of 6-10 atmospheres. 
The sodium formate thus produced is treated with cold and dilute H,SO,, the resulting solution 
on being distilled yields aqueous formic acid as distillate. 


CO + NaOH ко HCOONa; HCOONa + H,SO, — HCOOH + NaHSO, 


(4) By the hydrolysis of hydrogen cyanide : Formic acid can also be prepared by the 
hydrolysis of hydrogen cyanide in presence of acid. 


HCN ©, HCOOH + NH, 


11.5. Properties of formic acid. 


[А] Physical : Formic acid is colourless, pungent smelling, corrosive liquid. It is miscible 
O E OG = O---H-O-- in all proportions with water, alcohol and ether. Since the 
H L carboxyl group (-COOH) of formic acid is polar, it can 
Formation et H-bonds between form hydrogen bonds with water molecule and thus formic 
water and formic acid molecules acid goes into solution. Its boiling point is 100.5°C. It is 


ne of all fatty acids. It is corrosive and produces painful blisters when comes in contact 
with skin. 


° iri rdi ane higher than that of ethanol though both of them have same molecular mass 
The boiling point of formic acid is higher than that of ethanol of molecul i isi 
that, ethanol is polar, and its molecules on lind hydrogen bond S eod ben clari B 
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form dimer. On the other hand the hydrogen bonding in formic acid is much stronger than that exists between 
the alcohol molecules. The polarity of -O-H group of carboxyl group of formic acid is much higher than that of 
-O-H group present in ethanol. Besides this, ће 2С = О group of formic acid 

is also able to form inter molecular hydrogen bonds. As a result formic acid go Hn 
exists as dimers through hydrogen bondings. Because of the inter molecular НТС АЕН 
hydrogen bonding between two molecules, high energy is required to convert O-H— 

the dimer into monomer. On the otherhand, less energy is required to break the inter molecular hydrogen 
bondings formed among ethanol molecules. This explains why the b.p. of formic acid is greater than that of 
ethanol. 


[B] Chemical : 

(1) Acid property : The molecules of formic acid are slightly ionised in aqueous solution 
giving H* ions i.e., hydroxonium ions (H3O*). 

HCOOH + HO == H,0* + HCOO- 

Formic acid is the strongest of all aliphatic acids. Due to the presence of H* ions in 
aqueous solution, formic acid (i) rurns blue litmus solution red, (ii) reacts with base or alkali 
to produce formate salts, (iii) reacts with carbonates and bicarbonates to produce formate 
salts with the evolution of CO», (iv) reacts with strongly electro-positive metals (Na, К, 
Mg, Ca, Zn etc.) to produce the corresponding formates liberating hydrogen 
vigorously. 


With alkali : HCOOH + NaOH — HCOONa + HO 
Formic acid Sod. Formate 
With base : 2HCOOH+CaO — (HCOO),Ca + HO 
Ca. formate 
With carbonates: | OHCOOH + Na;CO; > 2HCOONa 4 ЊО + СО, 
With metals : 2HCOOH + Zn — (HCOO),Zn + H; 


(2) Formation of esters : In presence of a dehydrating agent, formic acid reacts with 
alcohols to produce corresponding esters. 
HCOOH + CH;CH;OH 4 НСООС,Н; + H,O 
Formic acid ` Ethanol Ethyl formate 
(3) With PCI, : Formic acid reacts with PCl; with the formation of carbon monoxides and 
НСІ (It does not produce formyl chloride). 
HCOOH + РСІ; ә POCI + 2HCl + CO 
(4) With ammonia : Formic acid reacts with ammonia to produce ammonium formate which 
is decomposed to give formamide. 
HCOOH + МН, => НСООМН, ач HCONH, 
Ammonium Formamide 
formate 
(5) With sodalime : When a mixture of sodium salt of formic acid and sodalime is heated, 
hydrogen is liberated. 


^ 
HCOONa + NaOH сонр” Na,CO, + Н, 


(6) Action of heat оп formates : 

(a) Formation of oxalic acid—Sodium formate on being heated at 400°C yields 
sodium oxalate. The produced sodium oxalate on being treated with dil HCI yields 
oxalic acid. 
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о N: COOH 
aoa Sd eile ч ЭШ е Ёш + 2NaCl 
+ | COONa COOH 
Sod. formate Sod. oxalate Oxalic acid 
(b) Formation of formaldehyde—Dry distillation of calcium formate gives formal- 
dehyde. 


¦ HCO |O 

а Буса + HCHO + CaCO; 
| H {COO А 2 Formaldehyde 

Ca. formate 


(7) Oxidation : Formic acid is oxidised to CO; by K;Cr;O; and H2SO, or acidified KMnO,. 


[О] 
ООН == оц? СО; + Н О 
НСООН К;Сг;О,/Н;5О, 2 


(8) Reduction : Formic acid is readily reduced to methyl alcohol by LiAlH,. 
4H 
HCOOH UA," CH,OH + H,O 


(9) Reducing action of formic acid : Formic acid is the only carboxylic acid which 


pears ч E TET possesses a strong reducing property like an 

! о i ; Qi aldehyde. It has got both acid property as well'as 
Ht С-Он! ! H-C LOH reducing property. This is because of the fact that 
"LL jo it contains both an aldehyde group and a carboxy! 
Carboxylic group Aldehyde group group as shown here. Due to the presence of 


asa ducing agent. 
(1; Formic acid reduces ammoniacal silver nitrate solution (Tollen's reagent) to black 
:*etallic silver. 


HCOOH 285 


NH/AgNO;, Tollen’s reagent 2Agl + CO, + НО 


(ii) It reduces mercuric chloride solution to a white precipitate of mercurous chloride. 
HCOOH + 2HgCL HgCb. + СО, + 2HCI 
When heated with excess of formic acid grey precipitate of metallic Hg is obtained. 
2HCOOH + Нус 2Hg + CO + CO, * H,O + 2HCI 


(iii) Formic acid reduces Fehling's solution with the formation of a red precipitate of 


cuprous oxide. 
200 


аа ио EO i H0 


Red ppt 
(iv) It reduces acidified KMnO; solution to give colourless manganous salt. 
5HCOOH + 2KMnO, + ЗН,50, — 2MnSO, + SCO, + K,SO, + 8H,O 


(10) Dehydration : When formic acid or a formate is heated with conc. H2SOx formic acid 
(or formates) undergoes dehydration to form carbon monoxide. 


HCOOH + H,SO,> CO + О + HSO, 
2HCOONa + Н,50, ә 2CO + 2H,O + NaSO, 
11.6. Tests for formic acid and formates. 


@ Neutral solutions of. ‘formates produce a blood red colouration with neutral solution of 
ferric chloride. Formic acid is to be neutralised with ammonia before testing. 


HCOOH 
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(ii) When formic acid or a neutral solution of a formate is warmed with ammoniacal silver 
nitrate solution, (Tollen’s reagent), a grey precipitate of metallic silver is obtained. 


Ag;O 
HCOOH -ANON 248 J + CO, + ЊО 


(iii) When formic acid or a formate is heated with conc. H,SO, in a test tube, CO gas is 

liberated which burns with a blue flame when ignited. 
HCOOH + H,S0, CO + HO + H,SO, 

(iv) With mercuric chloride solution formic acid or formate produces a white precipitate 

of mercurous chloride. 
2HgCl, + HCOOH > Hg:Cl,} + 2HCl + CO, 

@ Uses of formic acid : 

Formic acid is used— 

(i) as an antiseptic and disinfactant, (ii) in coagulating rubber latex, (iii) in dyeing wooland 
cotton fabrics, (iv) in tanning for removing excess lime from leather, (v) for making nickel 
formate which is used as a catalyst in hydrogenation of oils. 


سسس 


NaOH Carbon 
СІ 1 l 
d MOS 6 Atm 200°C monoxide 
Oxalic acid 4 teca soc iL RN 
[0] Methanol 
Pr catalyst CHOH 
Hydrogen Cyanide H.OH Я 
Irolysis K,Cr,O7/H Formaldehyde 
HCN Hydroly: с Bened 
e REACTIONS OF FORMIC ACID e 
NaOH 
HCOONa 
Sod. formate 
Acid 
property HCOONa + CO; 
HCOONa + Н, 
Formation 
HCOOCH, 
of esters үшүтө 
Formation of NH; 
‘Acid amides сере ON 
Formamide 


Contd. 
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HCI + CO 
Ag + CO; + HO 


Hg;Cl. 
Mercurous chloride 
Cu;O J + СО, + HO 
Red ppt 


Fehling's soln 


. Н;5О, 
ر‎ огун 


SEEN Н, + NaCO; 


€ ACETIC ACID or ETHANOIC ACID ө 
[950 = S] 
OH 


Acetic acid in the form of sour wine or vinegar has been known since very early times. It 
is found to occur free in a number of fruits. It is one of the importart organic acids. 


11.7. Preparation of acetic acid. 

(1) Quick vinegar process : Vinegar is 4—6% acetic acid which is obtained by the bacterial 
oxidation of fermented liquor containing 12 to 15 per cent ethanol. The aqueous solution of 
ethanol is oxidised by aerial oxygen under the influence of bacterium aceti to produce 
vinegar. 


cH oH 1019, сн.сно AA, сн,соон 
Ethanol й Acelaldehyde ` Acetic acid 


In quick vinegar process large wooden vats with perforated wooden discs—one at the top 
and other at the bottom are packed with beach wood shaving previously impregnated with old 
vinegar (Baterium. aceti.). Dilute ethyl 
alcohol is allowed to trickle down the wood 
shavings. Stream of air is introduced slowly 
through the holes in the lower part of the 
walls of the vessel which passes up in the 
opposite direction to the trickling ethyl 
alcohol. Ethyl alcohol is oxidised by air in 
contact with bacterium aceti to produce 
acetic acid. The heat generated in the 
oxidation of ethyl alcohol to acetic acid 
keeps the temperature at 35°C which is 
favourable for the growth and activity of the 
bacteria. The liquor thus produced is dilute 
acetic acid which collects at the bottom of 
the vat. The dilute acetic acid so obtained is 

Fig. 11.3 recirculated through the wood shavings 
till vinegar containing 10% acetic acid is obtained. If the concentration of acetic'acid becomes 
greater than 12% the cell walls of bacteria become hardened and they lose their activity. 
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The supply of air should be regulated, because less air will produce acetaldehyde and with 
too much air, the produced acetic acid will be further oxidised to CO; and water. 

(2) From pyroligneous acid : Pyroliqueous acid is a liquor which is obtained as by-product 
during the destructive distillation of wood. It contains /096 acetic acid, 2-396 methanol and 
0.5% acetone. It is boiled and the vapours of pyroligneous acid are passed through boiling milk 
of lime where acetic acid reacts with milk of lime to produce calcium acetate while methanol 
and acetone vapours pass out. 

2CH;COOH + Ca(OH), э (CH.COO)Ca + 2H;O 

Calcium acetate thus obtained is heated to 200°C when the organic impurities are removed 
yielding a grey residue called ‘grey acetate of lime’. It is then distilled with conc. H,SO, when 
acetic acid of about 40% strength is obtained as distillate. 

(CH,COO),Ca + H,SO, 2CH,COOH + CaSO,l 

Acetic acid is separated from calcium sulphate by filtration. 

The acetic acid is then neutralised by sodium carbonate and the solution thus obtained is 
evaporated to dryness when crystals of sodium acetate (CH4COONa, 3H;O) are obtained. The 
crystals of sodium acetate are heated when the water of crystallisation is expelled to get 
anhydrous sodium acetate. 

Anhydrous sodium acetate is then distilled with conc. H,SO, when pure acetic acid is 
obtained. 

2CH,COOH + Na,CO,-» 2CH;COONa + СО, + H,O 
2СН,СООМа + H,S0,— 2CH,COOH + NaSO, 

Pure acetic acid on being cooled to 16.5°С forms ice like crystals for which it is called 
glacial acetic acid. 

(3) From acetylene : Acetic acid is commercially prepared from acetylene. At first 
acetylene is prepared by the action of water on calcium carbide. 


& BG + 290 ә HCsCH + Ca(OH), 


ta Acetylene 
Ca carbide 
Acetylene thus obtained is passed through 20% sulphuric acid solution in presence of 
mercuric sulphate at 80°C, when acetylene is oxidised to give acetaldehyde. The acetaldehyde 
vapour is mixed with air and is passed over cobalt or manganous acetate (catalyst) at 70°C 
when acetaldehyde is oxidised to give acetic acid. 


20% Н;5О, [О] 


НС= СН + HO 550, 70°С” CH;CHO ^yanganous > CH,COOH 
Acetylene Й acetate, Acetic acid 
Acetaldehyde 


(4) By the hydrolysis of methyl cyanide : Methyl cyanide undergoes hydrolysis in presence 
of acid to produce acetic acid. 


CH,CN +2H,0 > CH,COOH + NH; 
(5) Laboratory method of preparation of acetic acid by the oxidation of ethanol : 
[A] Principle : Acetic acid is prepared in the laboratory by oxidising ethyl alcohol with 
potassium dichromate and hot concentrated H,SO,. 


[0] [0] 
CH,CH,OH кебу” СНСНО соон” СН:СООН 


Ethanol Acetaldehyde Acelic acid 
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[B] Procedure : An aqueous solution of potassium dichromate and conc. H5SO, are taken 
in a round bottomed flask fitted with a vertical water 
condenser. A dropping funnel is fitted at the mouth of 


0 the condenser. Ethanol is taken in the dropping funnel. 
Кый bers Ice cold water is circulated through the condenser and 
s the flask is heated by a bunsen.burner. As soon as the 


mixture of K,Cr,0, and H;SO; in the flask begins to 
‘boil, ethanol is allowed to fall dropwise and thus the 
reaction mixture is first refluxed for sometime. After 
the completion of the reaction, the resulting solution is 
distilled when acetic acid is obtained as distillate in the 
HSO, + Aqueous so. receiver. 
of K,Cr,0, [C] Purification : The acetic acid thus obtained is 
contaminated with acetaldehyde, ether, water etc. At 
first copper carbonate is added to this acid when 
crystals of copper acetate is obtained. The copper 
acetate is collected and recrystallised. The crystals of 
copper acetate are then heated slowly when the water 
Fig. 11.4: of crystallisation is removed. The anhydrous copper 
acetate is then distilled with conc. Н.50, when pure acetic acid is obtained as distillate. 
11.8. Properties of acetic acid. j 
[A] Physical : At ordinary temperature, acetic acid is a colourless liquid having a 
characteristic pungent smell. It boils at 118°C and at 16.7°C it solidifies to give an icy mass. 
It is miscible with water, alcohol and ether in all proportions. It is an excellent solvent for 
S, P, I, and many organic compounds. Since the polarity of the -O-H group of -COOH group 
O-—H-O is much higher and the >C = О group of acetic acid is also 
HC. T dt ES C-CH able to form hydrogen bond, acetic acid exists as dimer 
E ~o- * through hydrogen bonding between two molecules. For this, 
high energy is required to convert thé dimer into monomer. 
Asaresult theboiling point of acetic acid is much higherthan 
that of comparative alcohol e.g., ethanol. 
[B] Chemical : 
(1) Acid property : The molecules of acetic acid are slightly ionised in aqueous solution to 
give H* ions i.e; HO” ions. 
CH,COOH + H,O = H;O* + CH;COO™ 
Due to the presence of HO* ions, acetic acid turns blue litmus solution red; reacts with base 
or alkali to produce acetate salts, reacts with carbonates and bicarbonates to produce acetate 
salts with the evolution of CO,, reacts with strongly electro-positive metals to form the 
corresponding metal acetates with the liberation of hydrogen. 


(Dimer of acetic acid) 


With alkali : CHCOOH «NaOH — CH;COONa + H,O 
Sod. acetate 

With base : 2CH,COOH + Ca0  — (CH;COO),Ca + H,O 

With carbonates: | 2CH,COOH + NaCO,— 2CH;COONa + CO, + H;O 

With metals : 2CH,COOH+2Na  — 2CH,COONa + Н, 


(2) Formation of ester : When acetic acid is heated with alcohols in presence of conc. H2SO« 
esters are formed. For example, in presence of conc. H,SO,, acetic acid reacts with ethanol to 
produce ethyl acetate which has a characteristic fruity smell. 
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CHCOOH + C,H,OH > CH;COOOH; + HO 
Acelic acid Ethanol Ethyl acetate 
(3) Reaction with PCl; or PCI, or SOCI, : PCI; or PCI; reacts with glacial acetic acid to 
produce acetyl chloride by the replacement of -OH group of carboxy] group by chlorine atom. 
CH =O + PCh CHa =0 + РОСЬ + HCI 
OH cl 
Acetyl chloride 
3CH,COOH + PCI, 4 3CH,COCI + H,PO; 
Thionyl chloride also reacts with acetic acid to form acetyl chloride. 
CH,COOH + SOCL CH,COCI + SO, + HCl 
(4) Dehydration : When acetic acid is distilled with strong dehydrating agent like P30s, 
one molecule of water is eliminated from two molecules of acetic acid with the formation of 
acetic anhydride. 


CH,COO}!H! PO; Jl veg 
م‎ {—> CH,-C-O-C-CH, + HO 
Сн,СО ЮН; Acelic anhydride 
(5) Reaction with ammonia : Acetic acid reacts with ammonia to produce ammonium 
acetate which is decomposed by heat to produce acetamide. 


CH,COOH + NH; Э CH;COONH, ко CH;,CONH, 
Ammonium acetate Acetamide 
(6) Formation of nitrile : Acetic acid reacts with ammonia to produce ammonium acetate. 


The produced ammonium acetate on being heated with P,O; yields methyl cyanide. 


CH,COOH + NH; > CH,COONH, > CH,CN + 2H0 
Acetic acid Ammonium acetate Methyl cyanide 
(7) Reduction : (а) Асе\їс acid is reduced by LiAlH, to form ethyl alcohol. 
АН 
снсоон L> CH:CHOH + HO 


Acetic acid ^ Ethanol 
(b) Prolonged reduction of acetic acid with hydrogen in presence of conc. HI and red 


phosphorus at 200°C in а sealed tube yields ethane. 


CHCOOH + 3н, REIP. Сн, CH, + 2H,0 


Ethane 
(8) Decarboxylation : (a) Anhydrous sodium or potassium acetate on being heated with 
sodalime [NaOH + Ca(OH);] gives methane. 
CH,COONa + NaOH —у—> CH, + Na,CO, 
(b) Electrolysis of an aqueous solution of sodium or potassium acetate gives ethane. 
CH,COOK == CH,COO + K* 
HO == Ht+OH 
At anode : 2CH;COO- –2е — 2CH,COO э. С.Н, + 2CO, 
Ethane 
(9) When silver acetate is heated with bromine in dry CCl,, the -COOH group of the acid 
is replaced by bromine to form methyl bromide. 
CH,COOAg*Br Si CHBr + CO; + AgBr 
Methyl bromide 
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(10) Rosenmund reaction : Acetaldehyde can be prepared from acetic acid by this 
reaction. Acetic acid is treated with PCI; to form acetyl chloride. The produced acetyl 
chloride is reduced by Aydrogen in presence of palladium catalyst suspended on BaSO, to 
give acetaldehyde. 


PCls 


CH, coon — > cu,coci —2H > cH,CHO + на 
Acetic acid Acetyl chloride Pd/BaSO, Acetaldehyde 


(11) Replacement of hydrogen atom of the alkyl group by halogens : In presence of red 
phosphorus, chlorine or bromine reacts with acetic acid, when oc hydrogen atoms of the acid 
are replaced by chlorine or bromine to produce a-halogenated acetic acid. 


| 
CH; COOH eae CH, cicoon ZE, CHCI, COOH— > CCl, COOH 
Acetic acid Maono chloro Di chloro Tri chloro 
acetic acid acetic acid acetic acid 


(12) Schimdt reaction.: Hydrazoic acid reacts with acetic acid is presence of conc. HSO, 
at high temperature to produce methyl amine. 


CHCOOH «HN, ®> сн, МН, + № + CO, 


Methye amine 


ө Uses of acetic acid : 

Acetic acid is used (i) For the preparation of cellulose acetate which is used for preparing 
artificial silk, 

(ii) for the preparation of acetone, acetic anhydride, acetyl chloride, ethyl acetate, vinyl 
acetate, 

(iii) in the manufacture of rubber from latex and casein from milk, 

(iv) aluminium and chromium acetate are used as mordants, Cu acetate is used as pigment, 

(у) for the preparation of medicines like aspirin, phenacetin etc. 

© Tests for acetic acid : 

(1) Ferric chloride test : Few drops of neutral solution of ferric chloride are added to a 
neutral aqueous solution ofan acetate salt. Formation of blood red colour confirms the presence 
of acetate. On boiling the solution a reddish brown precipitate is obtained. 

(2) Fruity smell test : Acetic acid is treated with ethyl alcohol in presence of conc. 


H,SO, and the mixture is heated, a fruity smell of ethyl acetate confirms the presence of 
acetic acid. 


CH,COOH + C;H,OH 18°, CH,COO CH; + HO 

(3) Cacodyl test : Acetic acidis treated with sodium bicarbonate till effervescence is ceased. 
The solution thus obtained is evaporated to dryness when a solid residue is obtained. This solid 
residue is treated with finely powdered arsenious oxide and the mixture is heated, when vapour 
of cacodyle oxide having a very offensive smell is given out. 


CH,COOH + NaHCO; — CH;COONa + H,O + CO; 


3 


HC CH. 
4CH;COONa + As,0; > uc 0s zi + 2NaCO; + 2CO, - 
3 
Cacodyl oxide 
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e Comparison of formic acid and acetic acid : 

(1) Points of similarity : 

(i) Both the acids form esters when heated with alcohol in presence of conc. H,SO,. Formic 
acid forms alkyl formates and acetic acid forms alkyl acetates. 

(ii) Both the acids give acid chlorides with PCI. Formic acid gives formyl chloride which 
is unstable and acetic acid gives acetyl chloride which is stable. 

(iii) Ammonium salts of both the acids on being heated gives amides. Formic acid gives 
formamide and acetic acid gives acetamide. 

(2) Points of differences : 


(1) On heating Decomposes to give CO, and Hz 
HCOOH 4 CO; +H, 
Decomposes to give CO and H;O. 
HCOOH HE, CO + HO 
Formates give а red colour with neutral 
FeCl, soln. 


Mercuric chloride is reduced to give a 
white precipitate of mercurous chloride. 
HCOOH + 2HgCl; > На;СЬ 4 + 


Stable—does not decompose. 
(2) Heated with conc. Remains unchanged. 
H,SO, 


(3) Heated ferric chloride 

soln, is added to neutral 

soln. of the salts. 

(4) With mercuricchloride 
In. 


Acetates give a red colour with neutral 
FeCl; soln. 


Acetic acid can not reduce НОСІ, and so 
по white ppt. is formed, 


Acetic acid can not reduce Tollen's re- 


Formic acid reduces Tollen's reagent to 
agent ppt. of metallic Ag is not obtained. 


(5) With ammoniacal 
AgNO; soln. (Tollen’s re- | grey metallic silver. 

agent) ; HCOOH TiO. 2Ag + CO; + HO 
(6) With Fehlings soln. | A red ppt. of Cu;O is obtained 
HCOOH + 2CuO 2 Cu;O + CO; + HO 
(7) Dry sodium salt of the | A formate does not react with As;O;. 
acid is heated with As;O;. 


Мо red ppt. is formed. 


An acetate reacts with AsO; with the 
formation of cacodyl oxide having offen- 
sive smell. E. 
a-hydrogen atoms acid are re- 
placed by Cl atoms to produce a-haloge- 
nated acetic acid. 
сњсоон- 9%. CH;CI COOH + HC! 
Acetyl chloride is produced. 


(8) Reaction with Cl, in | Formic acid does not react. 
presence of red P. 


(9) With PCls at ordinary | CO and HCI are produced. 
temperature 


Methyl cyanide 
CH;CN 
H,0/20% НО, Acetylene 
‘Oxidation, Mn acetate CH = СН 


Fermentation of lol 
ethanol Quick Vinegar 
Ethanol 
CH;,CH;OH 


Smas AmaE 


K,Cr,0;/H,SO, 
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ө Reactions of acetic acid : 


NaOH 


Formation of 
acetamide 


Formation of 


conc. HSO, 


PCI; or PCl, 


Sodalime A 


CH,;COONa 
Na acetate 


CH,COONa + CO; 
CH,COONa + Н; 


CH,COOC,H; 
Ethyl acetate 


CH,COCI 
Acetyl chloride 


CH,CONH, 
Acetamide 


CH,CH,OH 
Ethanol 


acid anhydride 


G 

PO 1 ПІ 
ЖАЛ > CH,—C—0—C—CH, 

Acetic anhydride 


À NH. P.O. 
M Lc amt 3 › CH.COONH,— > CH.CN 
Ammonium Methyl 


acetate cyanide 
Reaction Р/С а 
mal $ / ¢ CH,CICOOH > СНСЬСООН 
y group 9 
Mono chloro Dichloro 
acelic acid acetic acid 
Ca(OH},  CH:COO..- Dus 
= 2 Ca — * s CH,COCH, 
CH,COO Á 
сеіопе 


Calcium acetate 


11.9. Dicarboxylic acids. 


1 The saturated dicarboxylic acids are represented by the general formula C, H5, (COOH). 
Dicarboxylic acids are named as alkane dioic acids according to the JUPAC system. The 
dicarboxylic acids are colourless crystals and are readily soluble in water. The general reactions 
of dicarboxylic acids are like those of mono carboxylic acids. The formulae and names of some 


of the members of the series are given here. 
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li: Formula Common name IUPAC name 
s Oxalic acid Ethanedioic acid 
HCL oci Malonic acid Propanedioic acid ` 
1 d Succinic acid Butanedioic acid 


€ OXALIC ACID OR ETHANEDIOIC ACID e 
Oxalic acid is one of the important dicarboxylic acids which occurs in plants of oxalis 
group. 
11.10. Preparation of oxalic acid. 
(1) Laboratory method of preparation : 
[A] Principle : Oxalic acid is prepared in the laboratory by the oxidation of conc. sugar 
or sucrose with conc. HNO; in presence of vanadium pentoxide which acts as catalyst. 


Сн01 +90, — St 6(COOH), + SHO 
Sucrose 
[B] Procedure : 80 g of powdered sucrose and 0.18 of V;O; are taken in a flask and then 
150 ml of conc. HNO; is added to the mixture. The flask with its contents is then heated slowly 
on a water bath, Reaction takes place readily and huge amount of brown fumes of nitrogen di- 
oxide begins to evolve. After sometime, the reaction subsides. The liquid left inside the flask 
is then taken in a porcelain dish. It is made concentrated by evaporation on a water bath. The 
concentrated solution is then allowed to cool on ice cold water when colourless crystals of 
oxalic acid separate out from the solution. The crystals are collected by filtration and purified 
by recrystallisation from water. 


(2) Oxalic acid from ethylene : 
Ethylene on being treated with alkaline KMnrO, yields ethylene glycol. The produced glycol 


on further oxidation yields oxalic acid. өн OH 
KMn' 
HC = CH, + HO +O AOL, нс сн, 
Ethylene glycol 
онон QH OH ind 
H;C—CH; z solas O=C—C=0 + 2H,0 
Oxalic acid 


(3) By the hydrolysis of cyanogen : 
Cyanogen undergoes hydrolysis in presence of hydrochloric acid to produce oxalic 


acid. 
: COOH 
Cis xp + 2NH.CI 
CN 299 СООН 
Суаподеп Oxalic acid 


(4) From saw dust—manufacturing process : 

A paste of saw dust with caustic soda is taken in an iron pot and the mixture is heated to 
250°C. Care should be taken so that wood should not get charred. The cellulosein the saw dust 
is oxidised by fused caustic soda to produce sodium oxalate. This fused mass is then treated with 


CH-H/56 
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water when sodium oxalate dissolves. It is sep: 


arated by filtration. The filtrate is now treated 


with milk of lime when calcium oxalate is precipitated. It is separated, washed and then treated 
with sulphuric acid when oxalic acid and calcium sulphate are produced. 

The precipitate of calcium sulphate is filtered off and the fitrate is made concentrated when 
colourless crystals of oxalic acid separate out from the solution. 


COO 
COO 
(5) From sodium formate : 


c 
Г. Ca + HSO, + CaSO,l + | 


ООН 
СООН 


When sodium formate is heated to 360°С, sodium oxalate is produced. The produced 
sodium oxalate is then heated with milk of lime when calcium oxalate is precipitated. It is 
collected by filtration. Calcium oxalate on being treated with dil H2SO, oxalic acid is obtained 
with the precipitation of calcium sulphate. It is fitered off and the aqueous solution of oxalic, 
acid thus obtained is made concentrated and cooled when colourless crystals of oxalic acid 


separate out from the solution. 


HCOONa 360°С 

р —— 
HCOONa 
Sod formate 
COONa 
[| + Ca(OH), 4 
COONa 
Sod oxalate 
COO 

PX 

l Са + H,SO, > 
coo ЫП 


11.11. Properties of oxalic acid. 


COONa 


COONa 
Sod oxalate 


COO 

[ SCA + 2NaOH 
COO 

Ca oxalate 


COOH 

| + CaSO, + 
COOH 

Oxalic acid 


+ Н, 


[A] Physical : Oxalic acid is a colourless crystalline solid having 2 molecules of water of 
crystallisation [(СООН)», 2H0]. The hydrated oxalic acid melts at 101'5?C and the anhydrous 
acid melts at 189°5°C. It is soluble in water and alcohol but insoluble in ether. It is an active 


poisonous compound. 
[B] Chemical : 


(1) Acid property : Oxalic acid is a dibasic acid, oxalic acid contains two carboxyl groups, 
hence it gives all the usual reactions of —COOH group twice. It is stronger acid than acetic 
acid. It forms two series of salts, esters, acid halides etc. 


Alkalis and carbonates react with oxalic acid giving two series of salts. 


NaOH 


HOOC-COOH + NaOH > NaOOC-COOH —,;-— NaOOC-COONa 


Oxalic acid Bi 


Sod. hydrogen oxalate 


He Disodium oxalate 


(2) Esterification : Oxalic acid reacts with alcohols in presence of conc. H2SO, to give two 
series of esters— mono ethyl and diethyl oxalate. 


HOOC—COOH +C,H,OH а C;H,00C—COOH 


C;H.00C—COOH + C;H,OH 


HSO, 


——À— 


Mono ethyl oxalate 


C,H,00C—COOC;H; 
Diethyl oxalate 
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(3) Action of heat : Crystalline oxalic acid on being heated to 100°C— 105°C, loses its water 
of crystallisation and is converted to anhydrous oxalic acid. On further heating, at 200°C oxalic 
acid decomposes into formic acid, CO, CO; and H;O. 


Hooc—cooH,2H,0 E, HOOC—COOH 42H01 
Oxalic acid А Anhydrous oxalic acid 
HOOC—COOH 180°C , HCOOH + CO» 
Oxalic acid 5 Formic acid 

HOOC—COOH 200°C, со, +со+но 


(4) Reaction with ammonia : Oxalic acid reacts with ammonia to form ammonium oxalate 
which on heating loses water to give oxamide. 


HOOC—COOH + 2NH,; — NH,OOC—COONH, 


Oxalic acid Ammonium oxalate 
. NH,OOC—COONH, ->  NH,OC-CONH, + 2H,O 
Oxamide 


(5) Reaction with glycerol : Oxalic acid on being heated with glycerol at 110°C yields 
the conditions of the reaction. 


cH,00C-[CO0 Н CHIOOCH 
A 
CHON ET ОНО 
CH;OH СНОН 
Glycerol mono oxalate усы топо 
сн, OH rmate 
CHOR + HCOOH 
| 
CH;OH CH;OH 
Glycerol monoformate Glycerol Formic acid 
ij 
-2CO; CH 
| ^ | 
CH,OH CH,OH 
Glycerol Oxalic acid Glycerol di oxalate Allyl alcohol 


(6) Reaction with PCI; : Anhydrous oxalic acid reacts with excess of PCl;to produce oxalyl 
chloride which decomposes to give phosgene and carbon monoxide. 


COCI 
ror + 2PCl —> 2РОС + 2НС1 + | —> CO + COC, 
OOH à . cod 
Oxalic acid Oxalyle chloride Phosgene 


Oxalic acid reacts similarly with PCl; and SOCL;. In these reactions the two -ОН groups of 
(7) Reaction with ethylene glycol : On being heated with ethylene glycol, ethylene 


О, 
о= С CH, 
— 290 + o= CH 


Oxalic acid Ethylene glycol ` Ethylene oxalate 
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(8) Dehydration : Oxalic acid on being heated with conc. HSO; at 100°C loses one 
molecule of water with the formation of carbon di-oxide and carbon monoxide. 
{ООН SO» CO. «CO HO 
СООН; T 
(9) Oxidation : Oxalic acid is readily oxidised by an acidified solution of potassium 
permanganate at 60°С to form carbon di-oxide. KMnO, is reduced to give manganous salt as 
a result the pink colour of the solution is discharged. 


5(HOOC-COOH) + 2KMnO, + 3H;50, > KSO; + 2MnSO, + 10CO; + SHO 
(10) Reduction : Oxalic acid is reduce by zinc and dil HCl to give glycollic acid. 
d ids 4H CH;OH 


соон Zn*Hd СООН 
Glycollic acid 


H,0. 


ө Tests for oxalic acid. 

(1) When aneutral solution of calcium chloride is added to a neutral solution of oxalic acid 
oran oxalate, a white precipitate of calcium oxalate is obtained which is insoluble in acetic acid 
but soluble in dil НСІ. ў 


COO 
i *CaCh— I > Ca«2HCl 
H coo 


Ca oxalate i 
(2) When an acidified solution of KMnO, is added to an aqueous solution of oxalic acid or 
an oxalate, the pink colour of KMnO; is discharged due to formation of manganous salt. 
5(COOH), + 2KMnO, + 3H;S0, — К250; + 2MnSO, + 10СО; + 8H;O 


(3) Solid oxalic acid or its salts on being heated with conc. H;SO,, yields a mixture of CO 
and CO, without charring. 


COOH 
| +H,SO, 4 CO; + CO + HO + H,SO, 
COOH 


e Uses of oxalic acid : Oxalic acid is used (i) in volumetric analysis, (ii) to remove inkstains, 
iron rust stains from clothes, (iii) in the manufacture of inks, metal polish and various metal 
oxalates. Antimony salts of oxalic acid are used in printing and dyeing. 


COONa 


HSO, Ca Са(ОН) Ї 


Oxalate COONa 


Sucrose 
СНО 


V;Os cat + сопс, HNO; 


140] 


о- о> о-г>хо 
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ө Reactions of oxalic acid : 


NaOH COONa 
1 mole COOH 
Sod. H. oxalate 
г 
NaOH P 
2 mole COONa 
Sod. oxalate 
COOCH; 


CHsOH i 
HSO, A COOC;H; 
Di ethyl oxalate 
PCls СОС! 


ای ااا 
COCI‏ 


[ — KWO/HSO, ^ ТОНО, CO; + HO 


NH3/P205 A 


CN 
Cyanogen 
Glycerol 
[ES Gye ESO 
110°C Formic acid 


€ How would you convert formic acid to oxalic acid.and vice-versa ? 

(i) Sodium formate is obtained by the action of N 
to 360°C when sodium oxalate is produced. Calciu 
oxalate is obtained. This on treatment with dil. H;5O4 oxalic acid and insoluble 
is separated from CaSO, by filtration. 


360°C ООМа .ColOHh 


2HCOOH + 2NaOH Eg 2HCOONa ———> 


^ (QONa 


~2H,0 
Sed formate Sod. oxalate 


00 HSO, СООН 
E —— ee + CaSO, 1 
Ca oxalate Oxalic acid 
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eee CO СОС, 


Оха chloride Fhoigeme 
2NH3 COONH, Heat CONH; 
و کا ےرک و ا‎ | 
COONH; CONH: 
Ammonium oxalate Oxamide 
200°C 
д НСООН 
А Formic acid 
сопс: H2504 
reagan CO + СО; + HO 
[О] 


ОН on formic acid. Sodium formate thus obtained is heated 
m hydroxide is treated with sodium oxalate when calcium 
CaSO, are obtained. Oxalic acid 
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(ii) Formic acid and acetic acid from oxalic acid : Oxalic acid on being heated to 200°C yields formic 


acid. 
OOH 200°C 
ООН АКТ HCOOH К + COT 
Oxalic acid Formic acid 


ОО: dist 2H P/I 
нсоон Sem, Ж Ошо; HCHO Taq CHOH — = сны 


odd E Methanol Methyl 
Formic acid Cats ied aide 
| KCN 
снсоон «0 сном 
Acetic acid Methyl 
cyanide 


e Questions ө 


1. (a) Describe the general methods of preparation of mono carboxylic acids. What happens when 
carboxylic acids are treated with PCls, SOGh, P205 and NH; separately ? 

(b) Acetic acid is not a reducing agent but formic acid is a reducing адепі— explain and illustrate with 

examples. [W.B.J.E.E. 90] 


(c) Name an aliphatic acid with strong reducing property and give one example of its reducing property. 
[LS.C. ‘90, W.B.H.S. '96] 


2. How would you convert formic acid to acetic acid and vice versa? Compare the properties of formic acid 
with those of acetic acid. ў 

3. (a) How would you prepare formic acid in the laboratory ? How is it made arihydrous ? Mention the uses 
of formic acid. 

(b) State the reactions involved, with equations, in the preparation of formic acid from oxalic acid. 

[W.B.J.E.E. 84] 

(с) Explain why formic acid can not be dried either by fractional distillation or by сопс. Нг5О. Describe 
а method to obtain anhydrous formic acid. How can you obtain oxalic acid from formic acid ? 

(d) Describe how formic acid can be obtained from carbon monoxide. 

(e) How would you convert (a) sodium formate to sodium oxalate ? (b) formic acid to acetic acid ? 

[W.B.J.E.E. '91] 
4. Describe the action of formic acid on the following— 
(i) Na2CO3, (ii) CH4OH, (їй) conc. H2SOx, (iv) Ammoniacal AgNO», (у) PCls, (vi) acidified KMnO,. 
5. (a) What is glacial acetic acid ? How is glacial acetic acid is prepared in the laboratory ? 

(b) Describe how will you prepare acetic acid starting from (i) acetylene (ii) pyroligneous acid. 

(с) How does chlorine react with acetic acid ? Starting from acetic acid how will you prepare 
the following— (i) Acetyl chloride, (ii) Acetic anhydride, (iii) Acetamide, (iv) Ethyl acetate, (v) Acetonitrile, 
(vi) Methane, (vii) Acetaldehyde. 

(d) Mention two uses of acetic acid in industry. 

6. Give the names and formula of the main products A, В, С, Р etc., of the following reactions— 


(i) CHCOOH Ca(OH), (Al —: (Bl һ/МаОн a 


(ii) CHCOOH usos np e qui Л. mom du 
i) сысоон — 2 (Ap — 3 qp] pH. qe 
. Qj Hcoou EOE, a Dy X p Che, рр O [р] 


distillation 
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[О] 


(v) Сн;СОМНЬ ALDI Кен e] 


м) coon М рар B/NeOH ву CHCl, |с 
А - NaOH 
(vii) CHCONH, > ta) HO [КЫ үс 


Ca(OH), NHz-NH; 


(viii) СНСООН [B] Ic] 


d 

[А] distillation 

|) CHpcHe cH, HBr, qp — E V в] Uu Ic] 

(x) HCOONa score (АЈ Ca(OH) (Bl dil H,SO, ic] 
A 

(xi) CHCOOH ——А! , ссңсоон vir [в] 

" PCI 

(xii) CHCOOH. ———À—» [А] E. pp] NeCH/h , (c 


(xiii) CgHsCOOH EA ансоб Mas в) 191. CHN [Roorkee Eng. 88] 


(xiv) снуснсоон AS > [А] MOLES [В] 


(wj cucoon № [д] —— в) —С > снн, 


7. How would you prepare acetic acid from the following compounds— 
(c) Methanol, (Ы) Acetaldehyde [W.B.H.S. ^78], (с) Grignard reagent. 

8. What is vinegar ? How is it prepared by fermentation process ? Slate ils uses. [H.S.(T] '80] 

9. How will you distinguish between the following pairs of compounds by chemical methods ? 
(a) Formic acid and formaldehyde. [I.5.C. 88] 
(b) Acetic acid and acetaldehyde. [W.B.H.S. '82] 
(с) Formic acid and acetic acid. [W.B.J.E.E. “90, W.B.H.S. '91, '96] 
(d) Formic acid and oxalic acid. 

10. Starting from acetic acid how would you prepare the following compounds— 
(a) Methane [W.B.H.S. ‘80], (b) Acetone [WBHS *80], (c) Ethane [Jt. Ent. ^81], (d) Acetaldehyde, 
(е) Formaldehyde, ^ (f) Acetic anhydride, (9) Ethyl alcohol [WBJEE “8 1], (h) Ethyl acetate, 
(i) Acetamide, (i) Acetyle chloride. 

11. How will you carry out the following conversions— 


(a) Acetic acid from formic acid. [W.B.J.E.E. '81] 
(b) Formic acid from acetic acid. i [W.B.J.E.E. 91] 
(с) Methyl amine and methanol from acetic acid. 

(4) Propanoic acid from acetic acid. 

(е) Acetone from acetic acid. 

(f) Acetic acid from sodium formate. [W.B.J.E.E. '91] 
(9) Acetic acid from acetamide. [W.B.H.S. 90] 
(h) Acetamide from acetyl chloride. [W.B.H.S. "90] 
(i) Acetic acid from propanoic acid. 

(jl Ethylene from acetic acid. [Pune Board '89, '93] 
(k) Acetic acid from propyne. . 


(I) Ethanol and acetic acid from acetylene. IW.B.H.S. '95] 
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12. State what happens when : 


(i) Aqueous solution of sodium acetate is electrolysed between platinum electrodes. [W.B.H.S. '92] 
(ii) Oxalic acid is heated with glycerol at 105-110°C. [W.B.J.E.E. '82] 
(iii) Powdered oxalic acid is heated with conc. H2504. [W.B.J.E.E. '83] 
(iv) CO is reacted with concentrated solution of caustic soda at 200*C under excess pressure. 


(у) Formic acid is heated with conc. H2504. [WB JEE. 81] 
(vi) Formic acid is treated with ammoniacal AgNOs. 

(vii) Acetic acid is treated separately with PCI; and thionyl chloride. [H.S.(T) '84] 
[viii] Formic acid is heated with PCls. 

(ix) Dry ammonium acelate is heated to 200°C. 

(x) Oxalic acid is heated with PCls. 

(xi) Dry sodium formate is heated to 260°C. 

(xii) Calcium acetate is subjected to dry distillation. 

< (xiii) Acetic acid is treated with Cl; in presence of red phosphorus. 

(xiv) A mixture of calcium acetate and calcium formate is heated. 

(xv) Acetic acid is treated with ШАЇНА. 

(xvi) Oxalic acid is treated with acidified KMnO4. 


13. Explain why : 


(i) Formic acid is a reducing but acetic acid is not. [W.B.H.S. '96] 
(ii) Melting point of an acid with even number of carbon atoms is higher than those of its immediate 


neighbours with odd number of carbon atoms. 


(iii) The boiling points of carboxylic acids are higher than those of alcohols of comparable molecular weight. 
iv) Although the n-propyl alcohol and acetic acid both have the same molecular mass (60), the former 


boils at lower temperature (97°C) than the latter (118°C). 


in the same way. 


(v) Formic acid is stronger than acetic acid. 

(vi) Formic acid can not be dried by conc. H2504. 

(vii) Boiling point of formic acid is higher than thatof ethanol though both of them have same molecular mass. 

(viii) Formic acid exhibits reducing property. 

(ix) Ethyl acetate is produced by the action of ethanol and acetic acid in presence of conc. Н:50, 

(x) Oxalic acid forms two types of salts. 

(xi) Temperature is kept between 30°C—40°C during the preparation ofvinegar by quick vinegar process. 

(xii) The molecular mass of acetic acid in vapour state shows a relative molecular mass of 120. 

(xiii) Acetic acid can be halogenated in presence of red P and Clo, but formic acid can not be halogenate:! 
` ПАЛ, 83] 

(xiv) A small amount of glycerol can convert a large amount of oxalic acid into formic acid. 

(xv) Carbon-oxygen bond lengths in formic acid are 1.23À and 1 .30A and both the carbon-oxygen bond 


lengths їп sodium formate have the same value i.e., 1.27À. И.Т. '88] 


group. 


(xvi) Hydrogen atom of carboxylic group is more readily replaced than the hydrogen atom of the alcoholic 


(xvii) Highly branched carboxylic acids are less acidic than unbranched acids. 
(xviii) The carbonyl group of carboxylic acid does not react with hydroxyl amine. 
(xix) Chloro acetic acid is stronger than acetic acid. 


14, Answer the following : 
(i) Arrange the following compounds in increasing order of acidity— 


(a) HCOOH, CH;COOH, С.Н:СООН, (CH3]/CHCOOH, CH;CICOOH 
(b) СНСООН, CH,CICOOH, CHCI,COOH, CCl;COOH 
(с) CICHCOOH, CH3CH2COOH, CICH;CH;COOH, (СНз).СНСООН, СНзСООН. ГИЛ. 91] 


(1) Name a carboxylic acid which exhibits reducing property. [W.B.J.E.E. ’89] 
(iii) Illustrate a reaction of carboxylic acid where the -OH group is replaced by Cl atom. 


liv) Give a reaction of > C = О group of carboxylic acid. н 
(v) Give a reaction of carboxylic acid where Һе Н atom of -COOH group has been replaced. 
(vi) Name a ketone which undergoes haloform reaction with the production of ethanoic acid. 
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(vii) Name an alcohol which yields propanoic acid on oxidation. 

(viti) In what important respects does formic acid differ from acetic acid ? 

(ix) How will you detect the presence of COOH group in an organic compound ? 

(x) What is acidity of a carboxylic acid due to ? Why is it stronger acid as compared to an alcohol ? 

(xi) What is the influence of substituents on the acidity of an acid ? 

(xii) Describe two chemical reactions of acetic acid, one due to functional group and the other due to alkyl 
group part. [Central Board $.5.С. '79] 

(xiii) How will you synthesise chloro acetic acid from methyl chloride. 


| Hints: CHa E> сумесі CO» CH.COCHs germ cocoon | 


(xiv) How will you synthesise propionic acid from ethylene. 
[His HC = CH, — $> CH:CHBr A, CH;CH:CN — He cncrcoor| 


(xv) How will you distinguish between oxalic acid and acetic acid ? 
[ Hints : Oxalic acid gives CO; on heating which turns lime water milky. Acetic acid does not give 
СО; on heating. ] 
(xvi) How will you synthesise malonic acid from acetic acid ? 
сыр ' COOH 
| нав: CH;COOH > аснсоон > смењсоон > HET Wir | 
ОО! 


ө Objective type of questions : 
[A] Amongst the four alternate answers given below write down the correct answer(s) : 
1. Dry distillation of a mixture of calcium acetate and calcium formate gives— 


(а) Formaldehyde, (b) Acetaldehyde, (c)'Acetone, (d) All the three. [Ans. (d)] 
2. Acid chlorides may be prepared by reactions of acids with— 
(a) PCls, (Ы) PCls, (c) Thionyl chloride, (d) CCl. [Ans. (a), (b), (с 


3. Of the following four reactions, formic acid and acetic acid differ in which respect— 
(a) replacement of H-atom by sodium, (b) formation of ester with alcohol, (c) reduction of Fehling's 


solution, (d) blue litmus reaction. [Ans. (c]] 
4. One of the products of acid hydrolysis of СНЗСМ is— 
(a) amide, (b) methanol, (c) acetic acid, (d) hydrogen cyanide. [Ans. (c]] 
5. Which one of the following is the most acidic ? 
(a) CH,FCOOH, (b) CH,CICOOH, (с) СНВгСООН, (d) CH;COOH. [Ans. (a]] 
6. Cyanohydrin of a compound on hydrolysis gives lactic acid [CH;CHIOH)COOH], the compound is— 
(о) formaldehyde, (b) acetaldehyde, (c) acetone, (d) ethyl cyanide. [Ans. (b]] 
7. Which of the following compounds would not form metallic silver with Tollen’s reagent ? 
(a) formaldehyde, (b) acetaldehyde, (с) formic acid, (9) acetic acid. [Ans. (d)] 
8. Propanoic acid reacts with bromine in presence of phosphorus to form— 
(a) CHBrCH,COOH, (b) CH3CH,COBr, (с) CH;CHBrCOOH, (d) CH3CHBrCOBr. [Ans. (с/] 
[В] State whether the following statements are true or false. 
1. Hydrolysis of an ester in presence of dilute acid is called saponification. [Ans. false] 
2. Formic acid and acetic acid are both powerful reducing agents. [Ans. false] 
3. Formic acid undergoes halogenation. [Ans. false] 
4. The boiling point of propanoic acid is less than that of n-butyl alcohol, an alcohol of comparable 
molecular wt. [Ans. false] [L1.T. 91] 


5. Formic acid decolourises acidified KMnO, solution. [Ans. true] 


к 
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12.1. Acid Derivatives. 

The compound which is produced by the replacement of -OH group of the carboxyl group 
of a fatty acid is called acid derivative. All such compounds on hydrolysis give parent acids. 
Different series of the acid derivatives are listed in the table. 


Name and definition of 
Acetyl chloride or 
RC=O -CmO Ethanoy] chloride 
| | CHC =O 
d 


derivatives of fatty acids 
OH of ud sad of the a 


Fatty acid 


(1) Acid chloride : 
-COOH 


RC=O The compound which is 
R = Alkyl group} a chlorine atom is call 
ma acid chloride. | 


NUES de Acetamide or 
(2) Acid amide : ES =0 T 9 Ethanamide. 
Rc =0. | formedby thereplacement NH: дуду, Ж Nek td 
| of -OH group of the NH2 
OH -COOH group of a fatty 
acid by МН group is 
R = Alkyl group] called acid amide. Si] 


R-C=0 -С=О рутун ог 
| | Ethyl ethanoate 
OR' OR' CH;-C =O 


Rand R' are al 
groups je осн, 


(3) Ester : 
The compound which is 
formed by the replacement 
of -OH group of the 
-COOH group of a fatty 
acid by an pr (RO-) 
R-C=O group is called ester. 


ds (4) Acid anhydrides : 
The compound formed by 


the removal of one mole- 
culeofwaterfromtwo mol- 
ecules of an acid is called 


R=Alkyl group | the acid anhydride. 


Acetic anhydride or 
Ethanoic anhydride 


i NCMO о 
No о [сн 
m yr CH >o 


12.2. Acetyl chloride or Ethanoyl chloride. 86 =O 


Acetyl chloride is the typical representative member of acid chloride series. 

[A] Preparation of acetyl chloride : 

(1) Laboratory method of preparation : ‘ 

[a] Principle : In the laboratory acetyl chloride is prepared by the action of phosphorus 
tri chloride on glacial acetic acid in cold. 

3CH;COOH + РС 4 3CH;COCI + H;PO; 
Acetic acid Acetyl chloride 

[b] Procedure : 50 g of glacial acetic acid is taken in a distillation flask fitted with a 
dropping funnel and a Liebig’s condenser leading to a receiving flask. The side tube of the 
receiving flask is connected to a calcium chloride tube to guard against the entry of moisture 
into the receiving flask from outside. The distillation flask with its content is placed on a water 
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bath and 25 ml of phosphorus trichloride is added dropwise to the acetic acid from the dropping 
funnel: After the addition of all the PCl, the flask is warmed to 40°-50°C for sometime. When 


Fig 12.1 : Preparation of acetyle chloride 


the liberation of hydrogen chloride comes down, the mixture is heated to a temperature of 
boiling. Acetyl chloride which is formed by the reaction, distills over and collects in the 
receiving flask cooled by ice cold water. It is purified by redistillation. The fraction which 
distills between 50° — 54°C is collected. 

(2) Bythe reaction of thionyl chloride on acetic acid : Acetylchloride may also be prepared 
by the action of thionyl chloride on glacial acetic acid. 

CH,COOH + SOCI, — CH;COCI + SO, + НСІ 
Acetic acid Acetyl chloride 

This method is superior to the other methods. In this method the by-products being gases, escape leaving 
behind the pure acetyl chloride. 

(3) By the action of sodium acetate on PCl; or SOCH. 

CH,COONa + SOCl, =+ CH4COCI + SO; + NaCl 
CH,COONa + PCI; => CH;COCI +РОСЬ + NaCl 

(4) Ethyl acetate reacts with PCl; to form acetyl chloride and ethyl chloride. They can be 
separated by fractional distillation. 

CH,COOC;H; + PCI; — CH;COCI + СгН;С1 + POCI; 

[The other carboxylic acids on being treated with PCls or PCl;, SOC, yield the corresponding acid 
chlorides. Formic acid" produces formyl chloride which being very unstable is converted to CO, HCl and 
POCI3. 

т HCOOH + PCl; > CO + 2HCl + POCI; ; HCOOH + SOCl SO; + 2HCl + CO] 

[B] Properties of acetyl chloride : А 

[a] Physical : Acetyl chloride is а colourless and pungent smelling volatile liquid. It 
fumes in moist air. Its boiling point is 55°С— lower than that of its parent acid (acetic acid, 
b.p. 118°C). Though acetyl chloride is a polar compound, its molecules are not associated by 
hydrogen bonding. It can not form hydrogen bonds with water molecules and so itis insoluble 
in water but slowly dissolves because of hydrolysis. 
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[b] Chemical : The molecule of acetyle chloride contains methyl group (-CHs), carbonyl 
group (>C = О) and chlorine atom (Cl). The carbonyl group of acetyl chloride is abnormally 
inert. It does not give any reactions of aldehydes or ketones. Due to the strong activeness of the 
chlorine atom, the acetyl group (СН:СО-) of acetyl chloride is readily replaced by other 
groups. 

(1) Reaction with chlorine : When chlorine is reacted with acetyl chloride, one or more 
hydrogen atoms of the alkyl group are replaced by chlorine atom to form mono, di or tri chloro 
acetyl chloride. Б 

CH;COCI + Cl; —> CH;CICOCI —- >  CHCLCOCI + HCl 


Acetyl chloride Mono chloro- Dichloro acetyl chloride 
acetyl chloride 


(2) Hydrolysis : Acetyl chloride undergoes hydrolysis with cold water with the formation 
of acetic acid and fumes of hydrogen chloride. 
CH;CO[CI +H} OH — CH.COOH + HCI 


Acetyl chloride 5 Aceticacid 
(3) Reduction—Rosenmund reaction : Acetyl chloride iscatalyticallyreduced by hydrogen 
in presence of palladium catalyst poisoned by BaSO, to produce acetaldehyde. 
CHOC] — 5 CH.CHO + HCl 
Acetyl chloride huc Acetaldehyde 
(4) With alcohols : At ordinary temperature, acetyl chloride reacts with alcohols to produce 
alkylacetateester. — T 5 
CH,CO;Cl+H;OC,H; > CH4COOC;H; + HCl 


Acelylchloride Ethanol Ethyl acetate 


(5) With ammonia (Ammonolysis) : Acetyl chloride reacts with ammonia with the 
formation of acetamide. 


CH,COC| + H.NH, ——> СН,СОМН, + HCl 
Acetyl chloride Acetamide 
(6) With sodium acetate : Acetyl chloride reacts with sodium acetate to form acetic 
anhydride. 
"e 


M 1 Il 
CH,CO} Cl + Nai ООССН ——> CH;-C-O-C-CH, + NaCl 


Газан 


Sod. Acetate Acetic anhydride 


(7) With Grignard reagent : Acetyl chloride reacts with Grignard reagent to produce 
tertiary alcohols and ketones. 


1 Bh nea hes 
CH.-C-Cl +CH,Mgl Ether | CH,-C-Cl Male CH;-C-CH, + vere 
Acetyl chloride nae Mg CH бн | Ж 

H idi 3 
loride [њон [нон 
CH-C= pa 
CH. 
Кее СН ЕН, 


CH; 
Tert. butyl alcohol 
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(b) Acetyl chloride reacts with aniline to produce acetanilide. 
er 


ч 
CL 1.| NCH; ——> CH.COHNCH, + НСІ 


Acetyl ШКЕ Aniline Acetanilide 


(9) Friedel Craft reaction : In presence of anhydrous AICI;, acetyl chloride reacts with 
benzene to produce acetophenone. 
COCH; 


АС 
+ CH.COC] ty, + HCI 


Benzene Acetyl chloride Acetophenone 
(10) Acetylation : Acetyl chloride reacts with organic compounds having -0H or -NH; 
group when the H-atom of-OH or -NH; group is replaced by acetyl group (-CH;CO) with the 
formation of different compounds. Such type of reaction is called acetylation. The presence of 
-OH and the number of -OH groups present in an organic compound can be detected by 
acetylation reaction. 
Water, alcohols, phenols, amino compounds take part in acetylation reaction. 


CH,CO{CI+H}OCH, —> CH,COOCH, + HCI 
"Methanol Methyl acetate 

CH,COCI1+ HOCH, > CH,COOCH; + HCI 
Phenol Phenyl acetate 

CH,COCI + НМНС,Н, —* СЊСОМНС,Н, + HCI 
Aniline Acetanilide 


(11) With КСМ: Acetyl chloride reacts with potassium cyanide with the formation of acetyl 
cyanide which undergoes hydrolysis by dil HCI to produce pyruvic acid. 


CH,COCI + KCN э СНС =O —He > CHC = 0 & NH, 
CN COOH 
Acetyl cyanide Pyruvic acid 
(12) Reaction with hydrazine and hydroxyl amine : Acetyl chloride reacts with hydrazine 
and hydroxyl amine to produce hydazide and hydroxamic acid respectively. 


CH,COÍCI 4 H]HN-NH, —> CH.CONHNH, + HCI 


____Hydrazine Hydrozide 
сн,со!сіх H]HN-oH — CH,COHN-OH + HCI 
Hydroxyl amine Hydroxamic acid 


e Uses of acetyl chloride : Acetyl chloride is used—(i) for acetylation of alcohols and 
amines, (ii) in the preparation of aspirine, acetic anhydride, (iii) for the detection of alcoholic 
-OH group and amino groups in organic compounds. ] 

е How will you convert acetic acid fo pyruvic acid ? 

њо 


снсоон+ ks encod- > сн с-0 et өы „© 
ООН 


N 
Acetic acid Acetyl chloride Acetyl cyanide Pyruvic acid 
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е Conversion of pyruvic acid to acetic acid. 
о Lang wed wi conc. Н.О, ys осе odd wi ihe arnaion of one тошо 
of CO. 
aleio ет ЊО: сңсоон + CO 
"iba Acetic acid 
Pyruvic acid 


e Different reactions of acetyl chloride. 


HOH 
- CH,COOH 
Hydrolysis Acetic acid 


CH,COOC;Hs 
Ethyl acetate 


CH,CONH, 
Acelomide 
CH,CONHCH, 
N-Melhyl acetamide 


CH,CONHC,Hs 
Acetanilide 


CH;CICOCI 
Mono chloro acetyl chloride 


CH;COCH; 

Acetophenone 

CH—Ç=0 -HO, сн, сьо 
- OR qm 


COOH 
Acetyl cyanide Pyruvic acid 
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12.3. Acid Anhydrides. 
Theanhydrides of monobasic organic acid is regarded as being derived from two molecules 
of the acid by the elimination of one molecule of water. 


m o 0 
RCOOÍH | ale ee 
RCOIOH'! 7° L-0—0-CER + 
Ls Acid nhydride 
2 mol cf. mono p 
са ic ocids 


Examples : 


There is no anhydride of formic acid but mixed anhydride— formic acetic anhydride is 
present e.g., 


12.4. Acetic anhydride. о о 
1 1 
| H,C—C—0—C—CH; | 


[A] Preparation of acetic anhydride : 

(1) Laboratory method of preparation : 
. [a] Principle : Acetic anhydride is prepared in the laboratory by distilling a mixture of 
sodium acetate and acetyl chloride. р 


"s [9 
cH;co(ci 1 a 9 1 EA 
| — —C—0—C—CH; + Nal 
CH,COO |Na | - 
Acetyl chloride & Acetic anhydride 
sodium acetate 


[b] Procedure : Powdered anhydrous sodium acetate is taken in a distillation flask 
fitted with a dropping funnel and a Liebig's condenser, leading to a receiving flask. The 


the dropping funnel. Acetyl chloride is slowly dropped into the distillation flask kept 
immersed in cold water. The mixture is gently shaken. When whole of the acetyl chloride 
has been added, the contents in the distillation flask is throughly shaken. The reaction 
mixture is then heated to 130°C-140°C when acetic anhydride distills over and collects in 


the receiver. 


342 ELEMENTS OF CHEMISTRY 


It is further purified by redistillation. 


N : Acetic anhydride 


Fig. 12.2 : Preparation of acetic anhydride 


(2) Manufacturing process : (i) Acetic anhydride is industrially prepared by heating 

anhydrous sodium acetate with sufficient amount of phosphoryl chloride (POCI;) or thionyl 

. chloride (SOCI,). At first, one half of the sodium acetate is converted to acetyl chloride which 
then reacts with the unchanged sodium acetate to produce acetic anhydride, 


(i) CH,COONa + SOCI; э CH;COC] +50, +NaCl 
(ii) CH;COONa + CH;COCI — (CH;CO),0 + NaCl 
Acetic anhydride 
(ii) From acetylene : Acetylene gas is passed through glacial acetic acid in presence of 
mercuric sulphate (catalyst) at 70°C—80°C, when ethylidene acetate is produced. The 


ethylidene acetate thus produced is decomposed at 145°C in presence of ZnCl; to 
produce acetic anhydride and acetaldehyde. Acetic anhydride is collected by fractional 


distillation. 
ju HgSO, „ OCOCH, ZnCl, 
HC = CH + 2CH;COOH MA CHCH O CO CH; 14®С” (CH;CO),0 + CH;CHO 


Acetylene Acetic acid Ethylidene di acetate Acetic Acetalde- 
anhydride Һуде 


(3) Acetic anhydride may also be prepared by the action of acetic acid and acetyl chloride 
in presence of pyridine. 


о 
idi ll ll 
CH.COOH + сісосн, i", cu. C o C cH, + HCI 
Acetic acid Acetyl chloride Acetic anhydride 
(4) Acetic anhydride is prepared industrially by the action of ketene (Ethynone) and 
-acetic acid. 
: о 


e 
il 
CH= C=O + CHC = =0 —» cok CH, 


OH 
Ketene (Ehynone Acetic acid Acetic anhydride 
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[B] Properties of acetic anhydride : 

[a] Physical : Acetic anhydride is a colourless liquid having a pungent smell like that of 
acetic acid. Its boiling point is 139.5?C. In pure state it is neutral. It is soluble in ether, benzene 
and acetone. It is decomposed by water and alcohol. 

[b] Chemical : Acetic anhydride reacts with hydroxy and amino compounds like acetyl 
chloride though with less vigorously to produce their acetyl derivatives. In these reactions half 
part of the molecule of acetic anhydride is used for acetylation and the other half is converted 
to acetic acid. 

(1) With hydroxy compounds : Acetic anhydride undergoes hydrolysis slowly by cold 
water but readily on warming when the H-atom of the hydroxyl group is replaced by acetyl 
group to produce acetic acid. Dilute acid or alkali enhances the rate of hydrolysis. 


CH. ce +H. ion —— 2CH;COOH 
Bei Seite shoo Acetic acid 
(2) With alcohols : Acetic anhydride on being heated with alcohols produces esters and 
acetic acid. 


CH;-(-0-C-CH;- HOCH; ——> CH.COOH + Сн,-(т-ОС,Н, 
[9 men ^, о 


Acelic anhydride Ethanol ' Acetic acid Ethyl acetate 
(3) With ammonia : Acetic anhydride reacts with concentrated ОШ of ammonia with 
the formation of рс: and acetic acid. 


a um +H. ion —À CH;CONH; + CH;COOH 


Acetic Койдун Acetamide , Acetic acid 


(4) With amines : (i) Acetic anhydride reacts with amines with the formation of alkyl 
acetamide and acetic acid. 


ETT REN 1 
сао а +H.: j HNCH; —— CH;CONHCH, + CH,COOH 


Acetic purge Melhylamine Methyl acetamide 
(ii) With a it forms acetanilide. 


--2-22-2£2----4 4 


N IM * н! 'HNC,H, ——> СНСОМНС;Н; + CH;COOH 


Acetic pa ser ТА» Acetanilide 
(5) With PCI; : (i) Acetic anhydride reacts with PCI; yielding acetyl chloride. 


О TO 
сн, До сн, + PC ——= 2CH;COCI + РОСЬ 
Acetic anhydride Acetyl chloride 
(ii) With dry оа chloride, it is decomposed to give acetyl chloride and acetic acid. 


emeve i eee ey 


1 
CH; Шыны Hei —— CH;COCI + СНСООН 


Acetic anhydride Acetyl chloride 
СН-П/57 
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(6) Reduction : (i) Acetic anhydride with mild reducing agent like sodium amalgam, is 
reduced to give acetaldehyde. 


i il 
CH-C-O-C-CH, tg > 


Acetic anhydride 


2CH,CHO + ЊО 
Acetaldehyde 


(ii) On reduction with ‘LiAIH, it is reduced to give alcohols. 


O 


0 
Ioi 
CH-C-0-C-CH, —рдц >” 2CH:CH;OH+ H:O 


Acetic anhydride Ethanol 


(7) Reaction with hydrazine апа hydroxylamine : Acetic anhydride reacts with hydrazine 
and hydroxyl amine to form hydrazide and hydroxamic acid respectively. 


Acetic anhydride 


tan 


Hydrazine 


(CH.COÍO + H]HN-NH, —> CH,CONH-NH; + СНСООН 
Hydrazide 
(CH,CO),{O + HIHN-OH —> CH,CONH-OH + СН.СООН 


Acetic anhydride Hydroxyl amine Hydroxamic acid 


e Uses of acetic anhydride : Acetic anhydride is exclusively used— 
(i) as an acetylating agent, 

(ii) in the manufacture of cellulose acetate, 
(iii) in the laboratory for the detection of hydroxy and amino group, 
(iv) in the manufacture of dyes and acetate rayon from cellulose, 
(v) in the preparation of aspirine and other drugs. 


e Distinction between acetyl chloride and acetic anhydride. 


Reactions 


(1) Hydrolysis 


(2) With benzene 


(3) Reduction 


Acetyl chloride [CH;COCII 


Acetyl chloride undergoes hydrolysis with 
hot water to produce acetic acid and HCI. 
CH,COCI + H.OH > CH;COOH + HCl 
After cooling the produced solution, 
AgNO; soln. is added, when а curdy 
white ppt. of AgCI is obtained which is 
insoluble in dil HNO; but soluble in 
excess NH,OH solution. 

HCl + AgNO; > AgCl У + HNO; 

In presence of anhydrous AICl;, ac 
chloride reacts а benzene to nd 
acetophenone. 

C.H, + CHCOCI с;нг-сосн, 
+ HCl 

On dissolving acetyl chloride in boiling 
xylene, when Н; gas is passed through it 
in presence of Pd: and BaSO,, acetyle 
chlorideis reduced to form acetaldehyde. 


CH:COCI urs HCHO + HCI 


Acetic anhydride [асо ас 


Acetic anhydride undergoes hydrolysis 
with hot water to form acelic acid— no 
HCI is formed. On addition of AgNO; 
soln. to the product, no ppt. of AgCI is 
obtained. 

(СНСОО + H.OH — 2CH,COOH 


Acetic anhydride does not react with 
benzene. 


Acetic anhydride does not respond to 
this reduction. 


UIN. 
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12.5. Acid amides [RCONH,;]. 
The compounds which are formed by the replacement of -OH group of -COOH group of 
fatty acids by -NH; (amide) group are called acid amides. 
According to IUPAC system this series of compounds are named by replacing the final 'e" 
of the parent alkane, by the word ‘amide’. 


Parent acid Acid amide Parent alkane IUPAC name 
common name and formula 
(1) HCOCH Formic acid Formamide HCONH; Methane Methanamide 
(2) CH.COOH Acetic acid Acetamide CH;CONH, Ethane Ethanamide 
(3) CH.CH;COOH Propi- Propionamide C,H;CONH, | Propane Propanamide 
noic acid 
(4) C:H;COCH Butyric acid | Butyramide C;H/CONH; Butane Butanamide 


12.6. Acetamide or Ethanamide (CH;CONH)2). 
"ГАЈ Preparation : 4 
(1) Laboratory method of preparation : 
[a] Principle : Acetamide is conveniently prepared in the laboratory by heating 


ammonium acetate when acetamide is obtained due to partial dehydration of ammonium 


p CH,COONH, —4-  CH,CONH, + ЊО 
Ammonium ` Асеіатіде 
acetate 


Since ammonium acetate tends to undergo dissociation into acetic acid and ammonia on 
heating, acetamide is prepared in the laboratory by heating ammonium acetate with excess 
glacial acetic acid which suppresses the dissociation. 

CH,COONH, <= CH;COOH + NH; 

[b] Procedure : A mixture of pure ammonilim acetate and excess of glacial acetic acid is 

taken is around bottomed flask fitted with a long upright air condenser. The mixture is refluxed 


Fig. 12.3: Preparation of acetamide 
tial dehydration of ammonium acetate takes place to produce 
the air condenser. 


for about four hours. Par! 
acetamide and water vapours escape through 
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The contents in the round bottomed flask is then transferred to a distillation flask while still 
hot. The distillation flask is fitted with a thermometer and an air condenser the end of which 
is introduced into a receiving flask. The flask is now heated when acetic acid and water distill 
over first. The distillate which comes out at 200°C-215°C is collected which solidifies to 
colourless crystalline mass. It is further purified by recrystallisation from alcohol or benzene. 

(2) By the action of acetyl chloride or acetic anhydride or ethyl acetate with concentrated 
solution of ammonia : 

At ordinary temperature acetamide is prepared by the action of acetyl chloride, or acetic 
anhydride or ethyl acetate on concentrated solution of ammonia. 


p-----4 


(i) CH,CO!C + H.j HN ———> CH,CONH, + HCI 
Acetyl chloride Acetamide 


' 
1 
i 


O [0] 
(ii) сн, 4 cH, + HEN — СН,СОМН, + CH,COOH 


Acetic anhydride RENE E < Acetamide Acetic acid 
(iii) CH,CO OC, H,  H. HN — —». CH,CONH, + C,H,0H 
Ethyl acetate 77 777 ca Acetamide Ethanol 


(3) From methyl cyanide (acetonitrile) : 

(a) Methyl cyanide on partial hydrolysis by alkaline solution of hydrogen peroxide yields 
iaces CH,CN + 29,0, > CH,CONH, + H;O + 0, ! 

(b) Acetamide may also be obtained by dissolving methyl cyanide in cold and concentrated 
sulphuric acid and then treating it with ice cold water when methyl cyanide undergoes 
hydrolysis to produce acetamide. 

CH;CN +H.OH — CH;CONH, 

[B] Properties of acetamide : 

[a] Physical : Acetamide is a colourless, deliquescent crystalline solid. Its melting point 
is 82°C and boiling point is 222°C. It is readily soluble in water, ether and alcohol. — 

The boiling point of acetamide is comparatively high. This is because of the fact that, two 
molecules of acetamide form dimer by hydrogen bonding. 

H 


| 
O H—N. 
a 
крс ann 
N—H di 
H 
Dimer of acetamide 
[b] Chemical : The chemical properties of acetamide depend on ко! amido group. 
' : NH; 
This group contains carbonyl group [»C-O] and amino group —NH but the characteristic 
reactions of these groups are not exhibited by acetamide e.g., compounds having carbonyl group 
take part in the addition reactions and react with hydroxyl amine, hydrazine, phenyl hydrazine etc., 
to produce oxime, hydrazone, phenyl hydrazone etc., respectively. Again a compound having 
-NH; group responds to carbylamine reaction, but acetamide does not respond to these reactions. 
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(1) Hydrolysis : (a) When acetamide is boiled with sodium hydroxide solution, it undergoes 

hydrolysis to produce ammonia and sodium acetate. 
CH;CONH, + NaOH — CH;COONa + NH; 
Acetamide Sod. acetate Я 

(b) When acetamide is boiled with dil. НСІ or H,SO,, it undergoes hydrolysis with the 

formation of acetic acid. 
CH;CONH; + НСІ + Н.О — CH;COOH + NH,Cl 

(2) Reaction with nitrous acid : Acetamide is decomposed by cold nitrous acid (NaNO, 

+ НСІ) readily at ordinary temperature to produce acetic acid and nitrogen which evolves in 


the form of effervescence. 
cu.co (мін; 
lei | Э СНСООН + N; + HO 
онім! Не) 


In this reaction the amido group is converted to carboxylic group. 

(3) Reduction : Acetamide is reduced by sodium and ethyl alcohol catalytically to produce 
ethyl amine. ан] 
CH;CONH; TN Alcor CH;CH;NH, + H,O 

Acetamide Ethyl amine 

(4) Hofmann's reaction : Reaction with sodium or potassium hypobromite. 

Acetamide on being heated with bromine in presence of sodium or potassium hydroxide 
solution yields methyl amine. Thus the conversion of an acid amide to a primary amine by alkali 
hypobromite is known as Hofmann's reaction. The primary amine which is thus produced from 
acid amide contains one carbon atom less than the parent amide. The reaction between acid 
amide and bromine in presence of NaOH or KOH takes place in several steps. 

In the first step, bromine reacts with acetamide to form mono bromo acetamide. 

CH;CONH; + Br — CH;CONHBr + HBr 
Mono bromo acetamide 

In the second step, mono bromo acetamide is converted to methyl isocyanate by its action 
on hot NaOH or KOH solution. 

СН,СОМНВг + KOH 4 CH;-N=C=O + KBr + НО 


Mono bromo acetamide Methyl isocyanate 
The methyl isocyanate then undergoes hydrolysis by alkali solution to produce methyl 
С CH-N-C-0 + 2KOH э СН,МН, + К›СО, 
Methyl isocyanate Methyl amine 


Hofmann's reaction is a convenient method for the preparation of primary amines and is 
applied to convert an organic compound from its higher homologue to a lower one. 


€ Mechanism : (i) Formation of N-bromamide— 


Rein а= сея + HBr 
Г 
(ii) Formation of bromamide ion s ar of H* by OH- ion— 


е) S n ыр cus 


вол ШУ ion 
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(iii) The bromamide ion releases Br” to form nitrane R—C—N that suffers intramolecular migration of alkyl 
group leading to the formation of alkyl isocyanate, the latter, on hydrolysis produces primary amine. 


Tos EL cx m 
RONG 2 1 RORI T O=C-N-R 
O= C—N—R 420H —*- RNH, + CO; 
(5) Dehydration : On being heated with phosphorus pentoxide, acetamide is dehydrated 
to form methyl cyanide. POs 
CH,CONH, >, CH,CN + HO. 
Acelamide Methyl cyanide 
(6) Feebly acidic and basic nature : Inspite of the presence of amino group in acetamide, 


it is not basic. Because of the presence of acetyl group, the basic character of amino group is 
reduced and the molecule of acetamide gains a fable acidic character. 


CH;CONH, + НСІ 4 CH;CONH;HCI 
2CH,CONH; + 2Na — 2CH;CONHNa + Hz 


e Tests for acid amides : (i) When acetamide is shaken with NaOH solution, ammonia is 
evolved which is identified by its pungent smell. 


CH;CONH, + NaOH — CH;COONa + NH; î 


(ii) An effervescence of colourless and odourless gas is found to evolve when acetamide is 
treated with nitrous acid. 


CH;CONH, + HNO, — CH;COOH + N} + H,O 
12.7. Esters [RCOOR']. 


An ester is a compound which is produced when an alcohol reacts with an organic or 
inorganic acid. For example, ethyl acetate ester is produced by the action of ethanol on acetic 
acid in presence of conc. H;SO,. e 

CH,COOH + C,H;OH > CH,COOC;H, + Н.О 
Acetic acid Ethanol Ethyl acetate 
€ Mechanism of the formation of ester by the action of acid on alcohol. 


А ӧн och. 
R—C = O+ Ht == ROH ж RCO HR LOH ERC =O] 
OH RCH | 


e Esterification : The process of formation of an ester by the action of alchol with an 
acid in presence of a dehydrating agent is known as esterification. 

Esters may be regarded as alkyl derivatives of acids obtained by the replacement of one or 

more H-atoms of the acids by the alkyl groups. The functional group of this class of compounds 


is carbo alkoxy group | #0 = 9) ^ 
OR Е 


Esters have characteristic fruity smell e. 


g., amyl acetate has an odour of banana, Ethyl 
butyrate has an odour of pine apple. - i а 1 


According to IUPAC system, in naming an ester, the name of the alkyl group attached to 


the oxygen atom comes first and then comes the name of the parent acid with ‘—oic acid" 
changed to —oate. For examples, 
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-(1) Methyl formate 
(2) Methyl acetate 
(3) Ethyl acetate 


(4) Ethyl butyrate 
12.8. Ethyl acetate or Ethyl ethanoate. CHC =0 
[A] Preparation of ethyl acetate: OC;H; 


(1) Laboratory method of preparation : 
[a] Principle : In the laboratory ethyl acetate is prepared by heating glacial acetic acid 
with ethyl alcohol in presence of a dehydrating agent e.g., conc. H2SO,. 


$ 
сн,сооїн +HOICH, ESO, eu cooc, + no 


Acelic acid Ethanol Ethyl acetate 

[This esterification is a reversible process. So conc. H2SO, is added to absorb the water formed and thus the 
forward reaction occurs. Conc. H;SO, also acts as a catalyst] 

[b] Procedure : Equal volumes of ethanol and conc. H,SO, are taken in a distillation flask 
fitted with a dropping funnel and a thermometer. The bulb of the thermometer is kept immersed 
into the liquid in the flask. The side tube of the distillation flask is connected to a Liebig's 
condenser and the other end of the condenser is introduced into a receiving flask. 


Fig. 12.4 : Preparation of ethyl acetate 


A mixture of equal volumes of absolute alcohol and glacial acetic acid is taken in the 
dropping funnel. The flask is then heated to 140°С on an oil bath and the mixture in the dropping 
funnel is gradually added into the flask at the same rate at which the produced ethyl acetate 
distills over into the receiving flask. 

[c] Purification : The distillate thus obtained in the receiving flask contains ethyl acetate 
contaminated with water, acetic acid, ethanol, a little ether and sulphurous acid. 
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Thecontaminated ethyl acetate is taken in a separating funnel and is shaken with moderately 
strong sodium carbonate solution, whereby acetic acid and sulphurous acid are neutralised 
and removed from ethyl acetate. The lower aqueous layer is removed. The upper oily layer of 
the ester is then treated with concentrated solution of sodium chloride whereby ethanol is 
removed with the formation of lower aqueous layer. The upper layer is transferred into a conical 
flask and fused CaCl, is added to it. After the removal of water, it is distilled on a boiling water 
bath and the distillate which distills between 75°С — 80°С is collected. 

(2) From silver acetate : Ethy acetate is prepared by refluxing anhydrous silver acetate 
with ethyl iodide in ethanolic solution. After the reaction is over, the insoluble silver iodide is 
removed by filtration. Ethyl acetate is purified by distillation. 


(3) From acetyl chloride or acetic anhydride : Ethyl acetate is obtained by the action of 


acetyl chloride or acetic anhydride on ethyl alcohol. 
petet 
CH;CO {CI +H 'OC;H, 4 CH;COOC;H, + НСІ 


REIS = 


о О 


1 
| 


O—C;H, 4 СН›СООС,Н, + CH;COOH 


(4) From acetaldehyde : At present ethyl acetate is industrially prepared by heating 
acetaldehyde dissolved in any anhydrous organic solvent in presence of aluminium ethoxide 
at 40°C. The reaction is known as Tischanko reaction. 


acu.cHo -“®©®н%, сн соосн, 
Acetaldehyde А Ethyl acetate 

(5) Bayer-Villiger oxidation— from ketone : In presence of organic peroxides, ketones are 
oxidised to give esters. 

CH;COOOH 
CH,COC;H, = CH;-COOC,H; + CH,COOH 
Ethyl methyl ketone Ethyl acetate 

[B] Properties of ethyl acetate : 

[a] Physical : Ethyl acetate is a colourless, neutral liquid having a characteristic fruity 
smell. It is sparingly soluble in water but completely soluble in ether and alcohol. Its b.p is 
77.5°С. 

[b] Chemical : 

(1) Hydrolysis of ester— saponification : Ethyl acetate like other esters undergoes 
hydrolysis in presence of acids or alkalis to form ethanol and acetic acid. In presence of alkali 
(NaOH) the produced acetic acid is converted to sodium acetate. 


N Acid 
CH.CO 0C; —" - CH,COOH + C;H.OH 
Ethyl Oceldie- Acetic acid Ethanol 


п-се 3 
CH;CO OCH; + HiONa ———» CH;COONa + C;H,OH 


= Ee Sod. acetate Ethanol 


Thus during the hydrolysis of an ester in presence of NaOH or KOH solution, sodium or 
potassium salt of the corresponding fatty acid is obtained. Now the alkali salts of higher fatty 
acids e.g., sodium stearate (Ci;H3SCOONa), sodium palmitate (C, SH3,COONa)etc., are soaps. 
‘Hence the alkaline hydrolysis of an ester is known as saponification. Saponification is more 
rapid than acid hydrolysis of an ester. 
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€ Mechanism of the hydrolysis of an ester. 


OH off 
HO: Slo E сор == 0= = O=(-0: + КОН 
R R R 


Calis ion 
(2) With ammonia : Ethyl acetate reacts with a concentrated solution of ammonia to 
produce acetamide and ethanol. 
CHCO OCH; +H} HN ——> CH,CONH; + C;H,OH 
Ethyl acetate : Acetamide Ethanol 
(3) Reduction— Bouveault Blanc reaction : Ethyl acetate on being heated with metallic 
sodium and alcohol, is reduced to form ethanol. 
Ethyl acetate is also reduced by LiAIH, to produce ethanol. 


A[H 
CH;COOC;H; tie CH;CH,OH + C,H;OH 
Ethyl acetate Ethanol 
In order to obtain alcohol or aldehyde from a carboxylic acid, at first ester is produced by 
the esterification reaction between acid and alcohol. Next, the ester thus produced is reduced 
either by Na and alcohol or by LiAIH, to produce alcohol. Aldehyde is readily obtained by the 
oxidation of alcohol. 
CH,COOH + C,H,OH ————- CH,COOC,H; + H,O 
Acetic acid Ethanol Ethyl acetate 
4H [0] 
CH;COOC;H; — s Alcohol” 2СНАСНОН oy cc суң” CH,CHO 
Ethyl acetate а Еһапо! «у Acetaldehyde 
(4) With PCI; : When ethyl acetate is heated with PCls, it is decomposed to give acetyl 
chloride and ethyl chloride. 
CH,COOC;H; + PCl; => CH;COCI + C;HsCl + POCI, 
Ethyl acetate Acetyl chloride Ethyl chloride 


(5) With methanol : Ethyl acetate reacts with excess of methanol in presence of a little 
alkali or acid to produce methyl acetate and ethanol. 


CH,COOC;H, + CHOH AE, cgi coocH; + C;H;OH 


Ethyl acetate Methanol Methyl acetate Ethanol 
(6) Claisen condensation : Esters having o-hydrogen atom undergo condensation 
reaction to produce В-Кего esters in presence of sodium ethoxide. 


O о 
П кишен zl 1 4, CHsONa 1 1 
CHC ОСН: + H |CH;C—OC;H, ———  —» CH,C—CH;—C—OC;H; + CHsOH 
molecules of ethyl acetate Ethyl aceto acetate 


ө Mechanism : Mechanism of Claisen condensation is same as that of Aldol condensation i.e., formation 
of carbonium and carbanion intermediate. The two then combine to produce adduct which leaves ОСН ion to 


form B-keto ester. 


о 
ll OCHS 2А 
H;—C—OCHHs Sim СНОН + ён, осн; 
Сафопіоп 


© [on 
ox Lolli, s Ld 


Carbonium ion 
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ecd d ocn me ора oc ас, CH; O e 


EN Carbanion Вы aceto acetate 


(7) With Grignard reagent : Esters reacts with Grignard reagents to produce ketones. The 
produced ketone then reacts with another molecule of Grignard reagent to give tertiary 


alcohol. 


Ома 
cH, (осн, C e, CHOC CH.-C-CH, + IMgOC;H, 
Ethyl acetate р Acetone 
св, 
CH-c-o SM, deus ERO. CH; сон *Mg a 
бн, CH, бн, 
Acelone *Butyl alcohol 


€ Tests for esters : 
When hydroxylamine and ferric chloride solution are added to ethyl acetate, a red coloured 
chelate compound is formed. 
CH,COOC,H;+ H;N-OH — CH;CONHOH + C;H.OH 
Hydroxamic acid 


[o 
3CH,CONHOH + FeCl; э [сн—с© 4 Fe + 3HCI 
мно“ |, 


Red coloured chelate 
compound of Fe 


€ Uses of ethyl acetate : Ethyl acetate is mainly used as a solvent for nitro cellulose. 


12.9. Ethyl hydrogen sulphate [CH CH;OSO;H]. 

Inorganic esters are produced by the action of inorganic oxyacids like sulphuric acid 
(H2SO,), nitric acid (HNO), nitrous acid (NaNO? + dil acids) with alcohols. 

As for example, (i) ethyl hydrogen sulphate (C,HsHSO,) and diethyl sulphate are produced 
by the action of ethyl alcohol on sulphuric acid, (ii) with nitric acid alcohol produces ethyl 
nitrate, (iii) with nitrous acid ethanol produces ethyl nitrite (C,H;—O.NO), 

[A] Preparation of ethyl hydrogen sulphate : 

(1) In-the laboratory ethyl hydrogen sulphate is prepared by heating ethanol with conc. 
H,SO, at 100°C on a water bath. 


CH,CH,! {OH + HIHSO, 190%. CH,CH;HSO, + HO 


Ethanol Ethyl H.sulphate 


(2) Ethyl hydrogen sulphate can also be prepared by passing ethylene through conc. 
H,SO,at 100°C. 


100°C 
НС = CH; + H.HSO, => H;C-CH;HSO, 
Ethylene Ethyl H.sulphate 
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[B] Properties of ethyl hydrogen sulphate : Ethyl hydrogen sulphate is an oily liquid 
having acid reaction. It acts as a monobasic acid as well as an ester. 
(1) Itexhibits acid property by liberating CO; from a carbonate and acts as an ester when 
it undergoes hydrolysis by boiling water to produce sulphuric acid and ethanol. 
CH;CH,HSO, + HO ——> CH;CH,OH + H2SO, 
(2) Itdecomposes to give diethyl sulphate and sulphuric acid when distilled under pressure. 
2C;H;HSO, ——> (C:Hs),SO, + H,SO, 
Ethyl H.sulphate Diethyl sulphate 
(3) On being heated with excess of conc. H5O, at 170°C, it produces ethylene. 
сн,сн.нзо, 9S. Hos CH + HSO; 


lene 


(4) Ethyl hydrogen sulphate when heated with excess of ethanol at 140° C yields diethyl ether. 


, 140°С 
CH,CH;HSO, + Н-ОС,Н; — * C;H,—0—CH; + H;SO, 
Ethyl hydrogen Ethanol Diethyl ether 
sulphate 


© Uses of ethyl hydrogen sulphate : Itis used in the preparation diethyl ether, ethylene etc. 
12.10. Amines. 

Amines are derivatives of ammonia (NH) which are produced by the replacement of one 
or more hydrogen atoms of ammonia by alkyl groups. 


| | 
R—NH, R—NH R—N—H 
Alkyl amine Dialkyl amine R 


Tri alkyl amine 


Amines are classified as (i) Primary ( 1°)amines, (ii) Secondary (2°)amines and (iii)Tertiary 
(3°) amines. : 
(1) Primary (1°) amines : Primary amines are produced by the replacement of only one 
hydrogen atom ofan ammonia molecule by an alkyl group. Primary amines contain monovalent 
amino group [-NH2] e.g. 
CHiNH; C;H.—NH, 
Methyl amine Ethyl amine 
- (2) Secondary (2°) amines : Secondary amines are produced by the replacement of two 
hydrogen atoms of an ammonia molecule by two alkyl groups (same or different). е.в. 


CH; C;H; 
CH,—N—H CH,—N—H 
Dimethyl amine — Ethyl methyl amine 


Secondary amines contains bivalent imino group [NH]. y 
(3) Tertiary (3°) amines : Tertiary amines are produced by the replacement of three 
hydrogen atoms of an ammonia molecule by three alkyl groups (same or different) e.g., 
cH сн, 
CH,—N—CH; CH,—N—CH; 
Tri methyl amine Dimethyl ethyl amine 


Tertiary amines contain tertiary nitrogen atom (=N). 
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9 Structure : In methyl amine both nitrogen and carbon atoms are in sp? hybridised 
state. The O bond between carbon and nitrogen is formed by the overlapping of one sp? orbital 
of carbon atom with another sp? orbital of nitrogen 
1 atom. Each N-H obond in methyl amine is formed by 
X bond the overlapping of s orbital of Н atom and sp? orbital 
Gas м9 of nitrogen atom. Each С-Н c bond is also formed by 
H 7 ATH the overlapping of s orbital of H-atom and sp? orbital 
A bs of carbon atom. One of the sp? orbitals of nitrogen is 
H + completely filled and hence does not take part in the 

Fig. 12.5 formation of bond. 

[A] General methods of preparation : 

(1) By the reaction of. alkyl halides with ammonia : 

Alkyl halide on being heated with alcoholic ammonia in a sealed tube yields a mixture of 
primary, secondary, tertiary amines and quarternary ammonium salt. 

CH.-H-NH; э CH;NH, «HI 
Melhyl amine 
СНу +HNHCH; > (CH;;NH °+ HI 
Dimethyl amine 
CHI + HN(CH;), > (CH;);N +HI 
Tri methyl amine 
CHI + (CH3);N => (СНТ 
Tetra methyl ammonium iodide 

9 Method of separation of mixture of amines : 

(i) The mixture of salts of primary, secondary, tertiary amines along with quarternary ammonium salt is first 
distilled with KOH solution when primary, secondary and tertiary amines distil over. As quarternary ammonium 
salt is nonvolatile and does not react with KOH so it is left behind. 

СНТ + KOH > CHNH, + KI + HO. 
1° amine salt 

(ii) Salts of secondary and tertiary amines also react with KOH in the same way. The distillate consisting of 
primary, secondary and tertiary amines are separated by fractional distillation as their boiling points are different. 

(2) By the reaction of alcohols with ammonia : On passing the vapours of an alcohol and 
ammonia over alumina at 400°C yield a mixture of primary, secondary and tertiary amines, 
Using excess of ammonia, primary amine may be obtained as main Product. 

СНОН + HNH + CH;NH, + HO 


Methyl amine 
CH;OH + HNHCH, — (CH3);NH +H,0 
Di methyl amine 
CH;OH + HN(CH;), 4 (CH;);N +H,0 
Tri methyl amine 


(3) By the reduction of nitro alkanes : Primary amines are obtained by the reduction ofnitro 
alkanes with LiAIH,. 
Н] 
4 


CH;CH:NO; 49... cH CHINE, + 2H40) 
Nitro ethane Ethyl amine 
(4) By the reduction of nitriles : Primary amines are obtained by the reduction of alkyl 
cyanides with Na-alcohol or LiAIH,. Й 
CHC=N SH, cH CHNH, 
Methyl cyanide * Ethyl amine 
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` (5). By the reduction of oximes : Primary amines may be prepared by the reduction of 
aldoximes or ketoximes with LiAlH,. 
; 4{H] 
CH = NOH “TAH,” CH.CH,NB; + HO 
H Ethyl amine 
Acetaldoxime 
(6) By the reduction of acid amides : The reduction of acid amides with LiAIH, yields 
primary amines. 


4H] 
СН,СОМН, “TAH, СН:СНМН, + HO 
Ethanamide са Ethyl amine 


(7) Hofmann's degradation of amides : Acid amides on being heated with bromine and 
concentrated solution of KOH or NaOH yield primary amines. The method is used to prepare 


primary amines. 
R—CONH, + Br, + 4KOH э RNH, + 2KBr + K;CO, + 2H,O 
Acid amide” Primary amine : 


(8) Gabriel phthalimide synthesis : In this method prhalimide is treated with KOH to 
produce potassium pthalimide. The produced potassium pthalimide is then heated with an alkyl 
halide to produce N-alkyl pthalimide. E 

In the-last step, N-alkyl pthalimide reacts with potassium hydroxide to give potassium 
pthalate and primary amine. 


о о 
\ i | 
= z a 
Du ХОН, rk SH, @@ NCH; 
1 
| ў 


о 
Pthalimide K-pthalimide N-methyl pthalimide 
KOH 
COOK 
CHNH, + (OX 
Methyl COOK 
а К. pthalate 


(9) Curtius reaction : Acyl azide is formed when acid chloride reacts with sodium azide. 
le + 
RCOCI + NaN,—* NaCl + R—C—N—N = № 
Асу! azide 
Acyl azide when warmed in benzene forms alkyl isocyanate which on alkaline hydrolysis 
forms primary amine. This conversion ofacyl azide to primary amine is called curtius reaction. 


ERN Пре + ^ oe 
(R}+C+N—N=N ——> № + O=C—N—R 


R-N—C=0. + 20H > RNH, + CO; 
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(10) Lossen rearrangement : This is a method of preparation of primary amine free from secondary 
and tertiary amine. Hydroxamic acid, obtained by the reaction between hydroxylamine and acid chloride or 
ester on being heated with conc. HCI form alkyl isocyanate which on alkaline hydrolysis produces primary 


amine. у 
RCOCI + HNOH y> RCONHOH + Hd 
Hydroxamic acid 


RCOOC;H; + HNOH —> RCONHOH | + C;H.OH 


T tp (2 + 
oe өө PON Fat H 
aL Hina унон, —> no Os CHR 
ee сопс. HO MUS e| 
H 
-H е 20H" CN 
——> OzC—N—R ——» RNH; + СО; 
Alkyl isocyanate Pr. amine 
(11) Schmidt reaction : This is a one step conversion of an acid directly into primary amine. When a 
carboxylic acid is warmed with hydrazoic acid and concentrated sulphuric acid a primary amine is formed. 
RCOOH + МН EEO, вын, + СО, + № 
(12). Leuckart reaction : This reaction consists in the acid hydrolysis of N-formyl amines obtained by the 
interaction of an aldehyde or ketone with ammonium formate. 
RCHO + 2HCOONH, ——> RCHNHCHO-+ CO; + NH; + 2H,O 


Aldehyde © Ammonium | Hoa 
3 formate 
RCH2NH; + HCOOH 
Amine 


(13) Reductive alkylation: Primary amines are formed when а mixture of the vapours of aldehyde or ketone, 
hydrogen and excess NH; is passed over finely divided Raney nickel catalyst at 100°=150°C and 50-150 atm 
pressure. The reaction is believed to take place as follows. 


didi «NH —> m #0, CCH = NH THN CHCHNH: 
Acetaldehyde H Ethylamine 


[B] Properties : 

[a] Physical : Lower amines (primary and secondary) are soluble in water. This is because 
of the fact that 1° and 2° amines can form hydrogen bonds with water molecule. Amines are 
soluble in ether and benzene. 

Amines have higher boiling points than the non-polar compounds of comparable molecular 
masses. This is because of the fact that aliphatic amines are capable of forming inter molecular 
hydrogen bonding. Since the inter molecular hydrogen bondings formed between the amine 
molecules are weaker than those of alcohols and carboxylic acids, they have lower boiling 
points than alcohols or carboxylic acids of comparable molecular weights. 

Since tertiary amines do not have H-atoms they can not form hydrogen bondings with water 
or with themselves. 

[b] Chemical : The lone pair of electrons present in the nitrogen atom of all the three 
classes of amine is responsible for most of the characteristic reactions of amines. 

(1) Basic character of amines : When a compound is capable of accepting a proton (H*), 
it is said to have basic charater. Due to the presence of unshared pair of electrons on nitrogen 
atom in an amine, it exhibits the basic character. j 


CH.—NH, - CH,CH;NH, CH,—NH 
Methyl amine Ethyl amine um 3 


Dimethyl amine 
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These amines are able to accept proton due to the presence of unshared pair of electrons on 


the N-atom. Thus, H 
rris ve piran 
CHNH, + H* э CH;NH, R—N—H +801 —> вна 

U + 
CH;CH,NH, + Ht — CH;CH;NH; H м H i 
. h f Amine Alkyl ammonium 
chloride 


The relative basic strength of an amine is determined by its readiness with which the 
unshared pair of electrons of its N-atom is available for coordination with a proton. 


i \ ys 
CH;—>-N—<-CH, CH,——N—H CH;,——N——CH; 
2° amine 1° amine 3* amine 


Because of the +I effect of the alkyl group, the density of electrons in nitrogen atom of an 
amine is increased. As a result the lone pair of electrons on nitrogen atom in an amine is more 
easily available for the coordination with a proton. Thus amines are stronger bases than 
ammonia. However it should be noted that the relative basic character of amines does not 
depend totally on the inductive effect. The basic character of amines is in the following order 
in aqueous medium. 


Secondary amines > Primary amines > Tertiary amines 


Inspite of the presence of three electron-repelling alkyl groups in tertiary amine, its basic 
character is the least. This is due to the presence of three bulky alkyl groups which screen 
the lone pair of electrons on nitrogen atom due to steric effect. As a result, the unshared pair 
of electrons on N-atom in tertiary amines are not readily available for coordination with 
a proton. 

Again, the relative basic character of primary, secondary and tertiary amines depends 
upon the nature of alkyl group present in the amines. This is shown in the following 
table : 


Methyl-CHs (CHs}NH . > CHiNH; | > (СНМ > NH 
Ethyl-C;H; (CHSENH > CHNH > М > (Санг 


(Сн›);СН- (CHalCHNH2 > NH; > [(CHs}CH}NH > [(CHS]; CHEN 
(CH3sC- NH’ > (CHj;CNH, > [(CHS4CENH > [(CH3}C]N 


In addition to steric effect, the decrease in solvation due to the increase in size of the alkyl 
group is also responsible for this discrepancy since the solvation increases the stability of a 
protonated amine. 

Because of the basic nature of amines, they turn red litmus solution blue, react with acids 
to form the corresponding salts. 


* 
CH;NH, + HCl >  CH;NH&CE 


Methyl amine wei re 
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(2) Acylation reaction with acid chlorides and acid anhydrides : Primary amines readily 
undergo acylation with acid chlorides or acid anhydrides with the formation of alkyl 


acetamide. 


о | 
CH, —6-L0—C—CH, * нінмсњ — CH,CONHCH; + СНзСООН 
Acelic dian j Methyl amine дайны uM 
C4H;CO [с HINHCJH, —› C4H,CONHC;Hs + НСІ 
Benzoyl chloride Ethyl amine Benzoyl ethyl amine 
(3) Alkylation— reaction with alkyl halides : When primary amines are heated with an 
alkyl halide in a sealed tube the H-atoms of -NH, group are successively replaced by the alkyl 


groups. 


CH:NH, + ICH; —> (CH;),NH + HI 
Methyl amine Dimethyl amine 
(СНу),МН + ICH, ——* (CH;)N + HI 
Tri methyl amine 
(CH)N. + ICH; — (CH) NI 
Tetra methyl ammonium 
iodide 


. (4) Action on nitrous acid : 
(a) Aliphatic primary amines on being treated with HNO, produce primary alcohols with 
the liberation of nitrogen gas. 
C;H;NH; + OH-NO >` C;H,OH + № + НО 


Ethyl amine Ethanol 
C4H,CIENIL; + OHNO 34 C4Hs;CH;OH + № + HO 
Benzyl amine Benzyl alcohol 


(b) Aromatic primary amines react with HNO, at 0°C to form benzene diazonium salts 
(diazotisation). 
C4H;NH; + НСІ + HONO э СН; = МС + 290 
Aniline Benzene diazonium 
chloride 
(c) Secondary amines react with nitrous acid to produce N-nitroso amines. 
(CH;);NH + HONO 4 (CH;),N-N=O + НО 
Dimethyl amine Nitroso dimethyl amine 
(d) Tertiary amines react with nitrous acid to form unstable nitrites which decompose on 
warming to give nitroso amine and alcohol. 


HNO, и 
(CHIN is (CH,);NHNO; > (CH;;N—N.- O + CHOH 


Tri methyl Nitrite Nitroso dimethyl Methanol 


amine ‘amine 
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(5) Reaction with Grignard reagent : With Grignard reagent primary amines produce 
alkanes. I 
CH.NH, + CHMgl э CH, + Me 
Ethyl amine Methane TUNHCH, 
(6) Carbylamine reaction : When primary amines are warmed with chloroform and 
alcoholic solution of KOH, methyl isocyanide gas having an unpleasant odour is evolved. 


CH;NH, + CHCI; + 3KOH — CH;NC + 3KCI + 3H;0 


amine isocyanide 
C4HsNH; + CHCI; + 3KOH — CcHsNC + 2КС1 + ЗНО 
Aniline Phenyl 
isocyanide 


12.11. Methyl amine (CH3NH;). 

[A] Preparation of methyl amine : 

(1) Laboratory method of preparation : 

[a] Principle : Methyl amine is prepared in the laboratory by the action of bromine and 
caustic potash on acetamide. The reaction takes place in three steps. 


(i) CH,CONH; + Br +KOH 4 CH;CONHBr + KBr + HO 
Acelamide Bromo acelamide 

(ii) CHy;CONHBr + KOH — CHjNC + KBr + H;O 
Mono bromo acetamide Methyl isocyanate 

(iii) CH;NCO + 2KOH ` — CHiNH, + КСО 
Methyl isocyanate } Methyl amine 


[b] Procedure : Equivalent amounts of bromine and acetamide are taken in a distillation 
flask and then 10% caustic potash solution is slowly added until the reddish colour of 
bromine is just discharged. The distillation flask is 
then fitted with a dropping funnel containing 5096 
solution of KOH and a delivery tube bent at right 
angles. The other end of the delivery tube is 
connected with a funnel which.is kept slightly 
immersed in dil. НСІ in a beaker. 50% solution of 
KOH is then added slowly into the flask and the 
flask is warmed gently on a water bath at 70°С. When 
the solution in the flask becomes colourless it is 
distilled. Methyl amine distills over and is absorbed 
in the dilute НСІ in the beaker to form methyl amine 
hydrochloride. 

[c] Purification : Methyl, amine hydrochloride 
solution in the beaker is then evaporated on a 
water bath when crystals of methyl amine hydro- 
chloride are obtained. These crystals are collected 
and heated with KOH when pure methyl amine 
distills over. Fig. 12.6. : Preparation of CH;NH; 

(2) From formaldehyde : Methyl amine is prepared by heating ammonium chloride with 
two equivalents of. formaldehyde at 150°С. 


NH,CI + 2HCHO €. CH,NH, + НСІ + HCOOH 
Formaldehyde 


mine 


ot» 
WLLL LLL 


СН-П/58 
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(3) From methanol: Methyl amineis prepared industrially by passing vapours of methanol 
and ammonia over alumina heated at 400°C. In this reaction dimethyl amine and tri methyl 
amine are also produced along with methyl amine. Methyl amine is separated from the mixture 
by fractional distillation. Hr 


CHOH + HHN AL, CH,NH; + HiO 


(4) From nitro methane : Methyl amine is produced by reducing nitro methane with tin 


and НСІ. 
ë CHNO; «3H, —* CHNH, + 2H,0 


Nitro methane Hd Methyl amine 
(8) From acetic acid : A mixture of acetic acid and hydrazoic acid on being heated with 
conc. HSO; yields methyl amine (Schimidt reaction). 


CH,COOH + м,н — 05 CH,NH; + №, + CO, 
[B] Properties of methyl amine : 
[a] Physical : Methyl amine is a colourless gas having a fishy smell. Methyl amine is a 
polar compound but less polar than alcohols. Consequently methyl amine can form hydrogen 
bonds with water molecules. This is why methyl amine is soluble in water. 


Çî CH, 
HN * H—O H- N 
H H H 
Due to its polar nature, methyl amine can form intermolecular hydrogen qm qu 
bonds. As a result methyl amine molecules are associated due to hydrogen ,..н—м...н—м... 
bondings. This is why rhe boiling point of methyl amine is higher than those à M 
of non polar compounds of comparable molecular weights. Inter molecular H-bonding 


[b] Chemical : rien 
(1) Basic nature : Like NH;, methyl amine also has an unshared pair of electrons on the 
nitrogen atom which is available for protonation. This is why methyl amine is basic in nature. 
It is stronger base than ammonia and turns red litmus blue. 
(a) With acids, methyl amine gives the corresponding salts. Methyl amine combines with 
НСІ to form methyl ammonium chloride or methyl amine hydro chloride, with H;SO, it gives 
methyl amine sulphate. 


CH\NH, «HCl э CH,NH; НСІ + [CH;NH]* cr 


Methyl amine Methyl amine hydro chloride 
2CH\NH, +H,SO, — (CH;NH;j; Н,50, — [CH;NH;]}* SOF 
amine sulphate 


(b) With water methyl amine gives methylammonium hydroxide which ionises to give OH 
ions, Thus the aqueous solution of methyl amine is alkaline. CH,NH, + H.OH (CH,NH,)*OH 

(2) Acetylation— reaction with acetyl chloride and acetic anhydride : Acetyl chloride and 
acetic anhydride react with methyl amine in which the H-atom of amino group is replaced by 


acetyl group. 2—0 
CH,NH |н + CI |оссн, — CH,CONHCH, + НСІ 
Math отда Aci chloride Aceh meyl omine 
нај or N-methyl acetamide 


æ- —— eo 


a >. 
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(3) With nitrous acid : Methyl amine reacts with nitrous acid (NaNO; + dil НСІ or dil 
H,SO,) to produce methanol with the liberation of nitrogen. ý 
їн, 

ә CHOH + №, + H:O 
o Methanol 


CH;: 
он м; 
(4) Carbyl amine reaction : When methyl amine is slightly heated with chloroform and 
alcoholic KOH solution methyl isocyanide is produced which has a very unpleasant smell. 
CH;NH, + CHCl, + 3KOH — CH,NC, + ЗКСІ + 3H;0 
Methyl omine Methyl isocyoni 
(5) Alkylation : An alcoholic solution of methyl amine on being heated with an alkyl halide 
ina sealed tube, the H atoms of the NH; group are successively replaced by alkyl groups to give 
a mixture of amines. 


CH;NH; +CHI э (CH)NH +HI 
Dimethyl amine 


Methyl amine 
(CH;),NH +СН1 — (CH;N * HI 
Dimelhyl omine Tri methyl amine 
(CH3)N +CH ә (CH;)NI 
Tetra methyl ammonium iodide 
(6) With Grignard reagent , methyl amine produces alkane. 
mez + HINHCH, Ээ CH, + м Ph 
BL ыы et d "= 5 + - 
Methyl Mg halide be dad 


(7) With carbon disulphide : Methyl amine or any primary amine on being reacted with 
CS, forms dithiocarbamic acid which form methyl isothiocyanate or any alkyl isothiocyanate 
on treatment with HgCl;. The isothiocyanate has a smell like that of mustard oil. Hence the 
reaction is called Hofmann mustard oil reaction. 


H 
P x MEM сн, BIN CH,—N = C =S +HgS  2HCI 
H H Methyl isothiocyanate 


(8) Methyl amine reacts with benzene sulphonyl chloride and p-toluene sulphonyl chloride 
to form N-methyl benzene sulphonamide and N-methyl p-toluene sulphonamide 
respectively. This method is utilised in the seperation of primary, secondary and tertiary amine 
by Hinsberg method. 


CH,NH; + Q, Ll © + на 


SO;NHCH; 


ee 


504 SO;NHCH; 
prtoluent sulphonyl chloride N-methyl p-toluene sulphonamide 
© Uses of methyl amine : Methyl amine is mainly used as a refrigerant. It is also used for 
the preparation of some dyes and drugs. 
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12.12. Alkyl cyanides, Nitrils (R-C = №). 
Hydrogen cyanide exists as a tautomeric mixture of two forms as shown below. 
+ = 
H—CEN = H—N-EC 


Cyanide form Isocyanide form 
(1) The alkyl derivatives of the cyanide form of hydrogen cyanide are called alkyl cyanides 
kid ooo CH;—C=N CHCH, = CN 
Alkyl cyanide Methyl cyanide Ethyl cyanide 


(2) The alkyl derivatives of the isocyanide form of hydrogen cyanide are called alkyl 
isocyanides or isonitriles e.g., 
R—N==C CH;—N==C 
Alkyl isocyanide Methyl isocyanide 
[A] General methods of preparation of alkyl cyanides : 
(1) Alkyl cyanides are prepared by heating alkyl halides with alcoholic solution of sodium 
cyanide or potassium cyanide. 
R—X + KCN cuu R—C=N + KX 


Alkyl halide Alkyl cyanide 
CHI + NaCN x> CH;CN + Nal 
Methyl iodide Methyl cyanide 

or Acetonitrile 


(2) Alkyl cyanides are prepared by the dehydration of acid amides or aldoximes. 
[^] 


ll POs 
CH,—C—NH, => CH C=N + НО 


Acetamide Methyl cyanide 
H 
| РО, 
СН; —С = МОН ——-— CH;—C=N + НО 
Aldoxime Methyl cyanide 
(3) Industrially, alkyl cyanides are prepared by dehydrogenation of primary amines by 
passing over Cu or Ni at 500°C. 
CH,CHNH, “gas CH,C=N + 29, 
Ethyl amine Methyl cyanide 
[B] Properties of alkyl cyanides : 
The lower alkyl cyanides are volatile liquids. They are soluble in water, alcohol, ether and 
benzene. 
(1) Hydrolysis : Alkyl cyanides undergo acid or alkali hydrolysis to give the corresponding 


acids. 
снсем ZOM, CHCOOH +NACI 


Methyl cyanide 21 Acetic acid 
CH—CcsN HO, CHCOOH «NHCI 
Ethyl cyanide Propanoic acid 


(2) Reduction : Alkyl cyanides are reduced by hydrogen in presence of Pt or with LiAIH, 
or sodium alcohol to produce primary alkyl amines. 


CH.CEN 1 «2H, —"—. CH,CH,NH, 
Methyl cyanide Ethyl amine 

- 4H 
CH,CH,C =N + 2H; H CH;CH;CH;NH, 
Ethyl cyanide 3 Propyl amine 
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(3) Stephen reaction : Alkyl cyanides undergo partial reduction to form aldimines which 
on hydrolysis give aldehydes. 


cucen Lr» CHCH=NH > CHCHO + NH, 


Methyl cyanide Acetaldimine Acetaldehyde 


(4) With Grignard reagents : Alkyl cyanides react with Grignard reagent to form ketones. 
‹ CH; CH, 


} 1 | N 
CH,—C &N « CH,Mgl > CHy—C = NMgl > CHC - 0 * Mg, = 


Methyl cyanide дейсе 
(5) Alkyl cyanides on being heated with alcohols in presence of dil H,SO, yield esters. 


CH,CN + C,H,OH ae CH,COOC;H; + NH; 


Methyl — Ethanol Ethyl acetate 
cyanide 
12.13. Alkyl isocyanides. 
[A] Preparation of alkyl isocyanides : . 
(1) Alkyl isocyanides are prepared by heating alkyl halides with alcoholic solution of silver 


cyanide. сир + АСҸ э CHNC + Agl 
Methyl iodide Silver cyanide Methyl isocyanide 
(2) Isocyanides are obtained by heating primary amines with chloroform and alcoholic 
caustic potash solution (сању! amine reaction). > 
CH;NH +СНС+3КОН — CH;NC + 3KCl + ЗНО 
Methyl amine Methyl isocyanide 
C4H;NH; + СНС + ЗКОН — CsHsNC + ЗКСІ + 3H,0 
Aniline Phenyl isocyanide 


[B] Properties of isocyanides : 

Alkyl isocyanides are liquids having hi ghly offensive smell. They have boiling points lower 
than the isomeric alkyl cyanides. 

(1) Hydrolysis : Alkyl isocyanides undergo hydrolysis in presence of dilute HCI to form 
primary amine and formic acid. 


CHN=C 20. CHNH, + HCOOH 
Methylisocyanide Methyl amine Formic acid 
(2) Reduction : Alkyl isocyanides аге reduced by LiAlH, or sodium alcohol to produce 
secondary amines. ym 
CHN=C | ug CH—NH—CH, 
Methyl isocyanide Dimethyl amine 
@ How to distinguish alkyl cyanides from alkyl isocyanides. 
(1) Alkyl cyanides undergo acid hydrolysis to give the corresponding carboxylic acids. 
280 
Qux. idt CHCOOH + мна 
On the otherhand alkyl isocyanides undergo acid hydrolysis to produce primary amines and formic acid. 
CH;NC mo, снн; + HCOOH 


Methyl isocyanide не Methyl omine. Formic оса 
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(2) Alkyl cyonides on being reduced by ШАН, produce primary amines while alkyl isocyanides are reduced 
Юю give secondary amines. 


4н] 4н) CH3NHCH 
CHC*N на CHyCH2NH2 CHN aC UAH, /ethor Dien 5s 
Међу сом Bios | Makh isocyonida pisei 


e Differences between methyl amine and acetamide : 


Acetamide [CH;CONH;] 
Acelic acid is produced with the 
liberation of №. 

СН:СОМН, + HNO2 

— CHyCOOH + № + НО 


Dehydrated by P0s to produce 
methyl cyanide. 

CHCONH; 22> СНОМ + НО 
Ir undergoes hydrolysis with dilute 
mineral acids to form acetic acid. 
CH3CONH; + HCl + HO 


Methanol is produced with the libe- 
ration of N2. 
CH3NH; + HNO: — CHOH + N + HO 


(1) Action on nitrous 
acid. 


Has no action on POs. 


Being basic in nature it forms salts 
with dilute acids. 
CH3NH; + HCI — [CH3NHs]* СГ 


(3) Action оп dil. 
mineral acids, 


— СНСООН + NH,Cl 
(4) With alkali NaOH | It has no action with dilute alkalis. | Reacts with alkalis to form alkali 
or KOH. acetate with the evolution of NH3. 
CH3CONH; + NaOH 
¬ CH3;COONa + NH; 


(5) Reduction by H; 
(Ма + alcohol]. 


Reduced by nascent Н to produce 
ethyl amine. "n 
CH;CONH; ты/д?” CHsCH2NH2+H20 


(6) Carbylamine reac- 
tion-reaction with 
alcoholic КОН 
and 3. 


Methyl isocyanide is produced which 
has a very unpleasant smell. 

CH3NH; + ЗКОН + CHCl, 

= CHsNC + 3KCI + ЗНО 


e Comparison of the properties of a primary amine with those of ammonia : 
Similarities : 


[Reactions | Ammonia Primary amine 


(1) Action with water. Aqueous solution of methyl amine is 
alkaline. alkaline 


Qu cer mee eet атн Gives a reddish brown ppt. of ferric 


(2) With ferric chlo- 
ride soln. roxide, 


(3) With CuSO,. Gives a deep blue solution. 


Acetylation takes place. 
CH3NH; + CICOCHs 

— CH;CONHCH; + НСІ 
Sodium derivative is obtained with 
the evolution of Hz, — 
2CH3NH2 + 23а — 2CH3NHNa + Н; 


(4) With acetyl 
chloride. 


(5) With metallic 
lium. 


Sodamide is produced with the 
evolution of H;. 


2NH; + 2Na — 2NaNH; + Ha 
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e Points of differences : 


Gives alcohol with the liberation of Nz. 
CH3NH; + HNO; — CH3OH + № + НО 


Does not respond to this reaction. Forms methyl isocyanide which has a very 
unpleasant odour, 
CH3NH; + CHCl + 3KOH 
= CH3NC + 3KCI + ЗНО 


Primary amine e.g., Secondary amine 
Methyl amine Dimethyl amine 
id | Forms methanol with the | Forms yellow oily liquid 
liberation of No. 


hloroform | Methyl isocyanide is for- | Does not react. 
and alcoholic KOH med which has an unplea- 


Itis least basic among 
the three. 


Forms unstable nitrite 
compound in ES | 


Does not react. 


Dimethyl acetamide is 


(CH; NH + CICOCH > 
(CH. NCOCH, + HCI 


Reacts to form tetra 
methyl ammonium 


iodide. 


e Distinguishing tests between acetamide, acetonitrile and methyl amine. 


ENTER ee NEL T8 


(1) Carbyl amine i Unpleasant smell of alkyl | Highly unpleasant 
reaction: The sample is | i i . | isocyonide is not obtained. | smell of methyl isocya- 
treated with chloroform nide is obtained. 

and alcoholic soln. of CH3jNH; + CHCl) + 
KOH and heated. 3KOH — CH;NC + 
3KCl + ЗНО 


(3) The sampleis subjec- 


Undergoes acid hydrolysis 
ted to acid hydrolysis. acid, 


to produce acetic 
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© Stepping up and stepping down in a homologous series of aliphatic compounds. 
[A] Step down reactions : 


(1) Conversion of ethanol into methanol, ethanal into methanal, acetic acid in to 

formic acid : io] io] Pcl 
CH;CH;OH wer j> CHiCHO “gera, CHCOOH —=> CH;COCI 

Ethanol Ethanal Acetic acid Acetyl chloride 


| 
HCOOH <2! cgo 4L. сн,он +". 
3 CH;NH; ""NoOH/8n CH3CONH; 


Formic acid Methanal Methanol Methyl amine Acetamide 


(2) Conversion of propanoic acid into ethanoic acid : 


сн,сн,соон №». сн;сн,соомн, — —> cH(CH.cONH, 


Propanoic acid Ammonium propionate Propanamide 


Br/KOH 
10] 0] 


СНСООН «—- CH,CHO ~~ CH;CH,OH puse 2 CHCH;NH; 
K,Cr,0,/H 
Acetic acid Acetaldehyde Ethanol Ethyl amine 


(3) Conversion of acetic acid into formic acid : 


сн,соон + сн,сос1 М. cH,conn, -Bu/K8H „ нүң, 


Acelic acid Acetyl Acetamide Methyl amine 
chloride | HNO, 
[О] [О] 
HCOOH «——— HCHO СОН CH;OH 
Formic acid Formaldehyde Ex Methanol 


[B] Step up reactions : 
(1) Conversion of formic acid into acetic acid or formaldehyde into acetaldehyde or 
methanol to ethanol : 


нсно 2l, нсоон HS, нсоосн, но CH,OH 


а FEN 
Formal- Formic acid H50, Methyl formate Hydrolysis Methanol 
dehyde | » 


HN H 
CH;CHO «191 сн,сн,он A cu cusa e ыт cHicn сну 


Acetaldehyde Ethanol Ethyl amine Methyl Methyl 
cyanide iodide 
H,0/H* 
Hydrolysis 
CH,COOH 
Acetic acid 
(2) Conversion of methyl amine into ethyl amine and vice versa. 


P/I H 
CH.NH, BE сн,он > сн SM, сном... CHICHNH; 
Methyl amine Methanol Мей Ме hr | Ethyl amine 
iodi cyani | HNO, 
Br,/KOH NH. 
снмн,« 2 CH,CONH, < cH,coci «"сн,соон +L сн,сн,он 
Melhylomine Acsomide Acetyl chloride Acetic dd Ethanol 
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(3) Conversion of acetic acid into propanoic acid or ethanol into propanol and ethanal 
into propanal. 


[Н] 
CH4COOH ЖО, CH4COCI aioe CH4CHO TUA," CH3CH;0H 


Acetic acid Acetyl chloride Acetaldehyde Ethanol 
P/h 
CH,CH,CH;OH 49: CH,CH,CH:NEb< уду -Hr i CH,CH,CN« E CHCH 
1-Propanol Propyl amine Ethyl cyanide Ethyl iodide 
је [none 
CH,CH,CHO CH;CH,COOH 
Propanal Propanoic acid 


(4) Conversion of ethylene into propylene and vice versa. 


HC = сн cH.cHI- 8 > CH.CH.CN у CH.CH,CH;NH; 


Ethylene Ethyl iodide Ethyl cyanide Propyl amine 
HNO, 
CH;CH;CH;OH AM CH,CH,CH,Br “prota CH CH = СВ e <> CH;CH;CH,0H 
Propyl alcohol Propyl bromide Propanol 
[o] 

} PCl; Br,/KOH 
CH,CH,COOH — CH;CH;COCI ы CH,;CH,CONH, — —— CH;CHoNH; 
Propanoic acid Propanoyl chloride Propanamide Ethyl amine 

HNO; 
H.C = CH, <2 CH,CHOH 
Ethylene Ethanol 
(5) Conversion of methane into ethane. 
Na + CH. 
н, rig CH Se Cı саси CH;-CH, 
aa, Ethane 
aon 
[C] Some other important conversions : 
(1) Hexachloro ethane from calcium carbide. ПІТ. *94] 
‚но * АН) éch 
(o sm НС= СН athe H,C-CH, ig" oa 
а lexa chloro- 
Calcium carbide Acelylene Ethane ethane 


(2) Conversion of calcium oxide (quick lime) into nitro benzene. 


Coke 2H,0 tube 
CaO e CAO, нса СНЕС, uec? С.Н, 
lime Ca. carbide Acetylene Benzene Nitro- 
benzene 


(3) Conversion of carbon a into chloroform and toluene. 


6Ag Су 
jae CHCl, A> HC = CH > CH, =з CHCH; 


Carbon Chloroform 
a arkon phide tea chlonda Acetylene Benzene Toluene 
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(4) Vinyl acetate from ethanol. ПІТ. *86] 
Al 
cH.CHOH A > H,C = сн, o» BrH,C-CHBr j> HC= CH 
Ethanol Ethylene Dibromo ethane au Acetylene 
e | 
HC=CH—0-Ç=0 < со, 80°C 
Vinyl acetate 
(5) Diacetone alcohol and mesityloxide from acetylene. 
T Na CHal 
НС= СН Ta NH, 180°C НС = СМа —— НС = pic uc" oo” 
Acetylene Sod. acetylide Propyne celone 
CH,COCH; Ва(ОН)» 
QE 
CH;—¢ = CH—COCH; LI CH;-C-CH,COCH; 
CH, CH; 
Mesityl oxide Diacetone alcohol 
6) 2-Methyl-2-propanol from propanol-2. 
(6) yl-2-propanol from propa See єн, єн, 
H.OH 
CH; pee Kir c 7H а Ss a SE CH;-q-0H 
CH; CH; 
24 Aut Бе 2-Methyl-2- 
propanol 


(7) 2-Pentyne from sooner 


СВ, = CHCH,CH,CH; > CH,-CHBrCH,CH,CH; a CH,CH = CHCH,CH; 


1-Pentene 2-Bromo pentane pere 
r2 


K 
CH-Cs CCH,CH, <y CH.CHBrCHBrCH,CH, 


2-Pentyne 2, 3-Dibromo pentane 
(8) Aceto acetic ester from acetaldehyde. 
10] С 
CH,CHO — —- СН:СООН ae CH,COOC,H; 
Acetaldehyde Acetic acid Ethyl acetate 
a y о O 
AE CHsONa li 1 
cu- HOCH: + HICH,-C-OCH, CH,-C-CH,-C-OC2Hs 
Ethyl oe e e Ethyl acetate Acelo acetic ester 
(9) 2-Hydroxy-3-butenoic acid from ethanol. [LLT. ?90] 
OH 


dil NaOH | 
CH,CHO + HCHO -Aido cond 2 Н-СН-СН:СНО —*> CH, = CH. 2" [o] 
Ethanol Methanol 


| HCN 
COOH CN 
| но | 
CH, = CH-C-OH < — CH, = CH-C-OH 
H 


H 
2-Hydroxy-3-butenoic acid 
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(10) A mixture of methanoic acid and sagen ketone — ethanoic acid. 


сн.соон 0 снсос jg Е ро 
Acsiic odd Acetyl diloride e 


н» A Сен, 
* сн, С=С 3ه‎ C.H.-C-OH HH SE OMEN 
-H0O 
Diphenyl ethene rf 


бн,с=о+нсно SL > C Hec = O + НСООН 


C,H; Formaldehyde CH; harenas 
Di Di 
phenyl phenyl 
(11) — ر‎ AE from Al-carbide. [LLT. 83] 


Auc, SI. сн, dt CHCI — CH,OH 
Al-carbide Methane Methyl chloride Methanol 
(12) 1-Propanol and 2-Propanol from propene. [LLT. *87] 
CHCH = CH, — 5 CH,CH,CH;Br _ KOH, CH,CH,CH,OH 
Propene Propyl bromide n 1-Propanol 
HBr 


сн,-Снвг-Сн, “24> CH,CH(OH)CH, 
a 2-Propanol 


(13) Propionic anhydride from ethyl chloride. [LLT. ?84] 
CHCH,CI AL, сн;снсм — $9 CH,CH;COOH 
Ethyl chloride Ethyl cyanide Propanoic acid 
0 = 
1 ICH;CH,COONa! 
CH,CH,-C-O-C-CH,CH, Тыдын CH;CH;COCI 
Propionic anhydride Propanoyl chloride 
(14) t-Butyl alcohol from acetic acid. [I.1.T. '89] 
Са(ОН), H. 
СНСООН > (CH,CO0),Ca > сңсосн, A d 
Acetic acid Са acetate Acetone 
CH; CH; 
CHy—¢—OH له‎ CH;—Ç—OM8l 
CH; CH; 
Butyl alcohol 
(15) Acetamide from acetone in 4 steps. [Roorkee Eng. ’83] 
CH,COCH, Drastic oxidation, Pcl, 


ксн” CHy;COOH——> CH;COCI Nth, CH,CONH; 
Acetone Acetic acid Acetyl chloride Acetamide 
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(16) Propanoic acid from butyl amine in 4 steps : [Roorkee Eng. '85] 
CH,CH,CH,CH,NH, Ls CH,CH,CH,CH,OH эмо. CH,CH,CH = СН, 
Butyl amine 1-Butanol 1-Butene 
m 
0 
CH,CH,COOH <a, CH,CH,CHO 
e Questions ө 


1. (a) Describe the laboratory method of preparation of acetyl chloride. 
(b) What is an acid chloride ? What products are obtained when acetyl chloride reacts with — 
(i) Ethanol, (ii) Ammonia, (iii) Sodium acetate, (iv) Grignard reagent, (v) Benzene in presence of 
anhydrous AlCl, (vi) Methyl amine, (vii) Potassium cyanide # 
(c) What product is obtained by the reduction of acetyl chloride # Mention its uses, 
2. (а) Starting from acetyl chloride, describe how will you prepare the following compounds, Mention the 
required conditions and give the chemical equations. 
(i) Ethanol, (ii) Ethane, (iii) Acetic anhydride, (iv) Acetamide, (у) Ethyl acetate. 
(b) What is acetylation ? Give two examples. 
3. (a) Describe how would you prepare acetic anhydride in the laboratory. 
(b) Describe the action of acetic anhydride on the following compounds— 
(i) Ammonia, (ii) Ethanol, (iii) HCl gos, (iv) LAH, (v) Methyl amine, (vi) НгО. 
4. Describe the laboratory method of preparation of acetamide. Explain why, glacial acetic acid is added 
during the preparation of acetamide from ammonium acetate. 
5. (a) How will you prepare acetamide from the following compounds— 
(i) Acetyl chloride, (ii) Acetic anhydride, (iii) Ethyl acetate, (м Ammonium acetate, (у) Methyl cyanide. 
(b) Mention two important uses of acetamide. 
6. (a) Describe giving equations, the action of acetamide on the following compounds— 
(i) HCI, (ii) Reduction by Н, (iii) Nitrous acid, (iv) Р;О;, (v) Bromine and KOH soln. 
(b) Describe Hofmann’s reaction with examples. 
7. Write short notes on : 
(a) Hofmann's degradation [WBHS 87], (b) Saponification, (c) Acylation, (d) Esterification, (e) Gobriel's 
pthalimide synthesis, (f) Carbyl amine reaction. 
8. (a) What are esters ? How are hey formed # Discuss the action of he following compounds with esters— 
(i) alkalis, (1) ammonia. 
(b) Give the various methods of preparation of ethyl acetate, Mention its important chemical properties 
State its uses. 
9. (a) How is acetonitrile prepared in the laboratory ? 
(b) Starting from the following describe how will you prepare methyl cyanide. 
(i) methyl alcohol, (ii) ethanol, (iii) acetamide. 
(c) Describe the action of methyl cyanide on the following compounds 
( water in presence of HCI, (ii) ethyl alcohol, (iii) reduction by Ма and alcohol. 
10. Describe the preparation of ethyl acetate in the laboratory. Why conc. HiSO, is Used in this 
preparation ? 
11. Describe the preparation of ethyl hydrogen sulphate in the laboratory. Starting from ethyl hydrogen 
sulphate how would you prepare— 
li) Ethylene, (i) Diethyl sulphate, (iii) Diethyl ether, (iv) Ethyl alcohol ? 
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12. (а) What are aliphatic amines ? How are they classified ? Discuss the general methods of preparation 


of amines. "Я 

(b) How may primary, secondary and tertiary amines be distinguished ? 

(c) The formula СНИМ represent several amines. Write down the structural formula of these isomers and 
illustrate by equations how each one of them reacts with— (i) HNO», (ii) CHyCOCI, (iii) Methyl iodide. 

(d) Describe the preparation of methyl amine in the laboratory. By which tests would you identify acetamide 
and methyl amine ? 

13. What happens when : 
(i) Acetamide is boiled with Вг; in presence of KOH or NaOH solution. 
(W.B.J.E.E. ‘96, W.B.H.S. “92, L.I.T. '87] 
(ii) Acetic anhydride is treated with ammonia. 


(iii) Acetamide is heated with POs. : [W.B.H.S. '91] 
(iv) Acetyl chloride is heated with methyl magnesium iodide. 
(v) Urea and acetamide are separately treated vith NaNO? and НСІ. [W.B.J.E.E. '75] 


[Hints : Urea reacts with NaNO;/HCI i.e., HNO; to form HO, № and HCO). The later decomposes to 
CO; and H;O.] 
(мї) Ethyl acetate is heated with ammonia. 
(vii) Acetic anhydride is treated with PCls. 


(viii) Sodium nitrite and dil. HCl solution is added to acetamide. [W.B.H.S. 90] 
(ix) Sodium acetate is treated with acetyl chloride. 
(x) Glacial acetic acid is heated with PCI;. [W.B.J.E.E. '96] 


(xi) Ethanol is treated with acetic acid in presence of conc. H;SO,. 

(xii) Aceto nitrile is boiled with dil HCI. 

ы) Ethyl acetate is treated with sodium ethoxide in ethanol and the reaction mixture is acidified with 
acetic acid. 

(xiv) Benzaldehyde is heated with acetic anhydride in presence of sodium acetate. Lt. Ent. 96] 

(xv) Aniline is mixed with acetyl chloride. [H.S. *88] 

(xvi) Methyl amine is heated with KOH soln. and chloroform. 

(xvii) Bezamide is treated with sodium hypo bromite soln. 

(xviii) Ethyl amine is treated with alkaline chloroform soln. 

(хіх) Acetylene is passed through glacial acetic acid in presence of HgSO, and the resulting product 
is distilled, [W.B.J.E.E. '96] 

14. Mention one chemical reaction in each for distinguishing between the following pairs of organic 

compounds : 


(a) Methyl amine and ethyl amine. [W.B.J.E.E. '96] 
(b) Acetyl chloride and acetic anhydride. [W.B.H.S. “84, 87] 
(с) Acetamide and aceto nitrile. [H.S. ’89] 
(9) Methyl amine and’ acetamide. [H.S. '85] 
(е) Acetic anhydride and ethyl acetate. 

(f) Methyl amine and aniline. [H.S. '86] 
(g) Ethyl acetate and methyl acetate. 

(h) Ethyl acetate and dimethyl ether. 


(i) Methyl amine and dimelhyl amine. 
15. Mention the names of the chemical reagents that are required for the following transformations : 


(a) Acetyl chloride ¬4 Acetic anhydride. [W.B.H.S. '89] 
(b) Acetic anhydride — Ethyl acetate. [W.B.H.S. '89] 
(c) Acetyl chloride 4 Acetamide. [W.B.H.S. “89, 90] 
(d) Acetamide — Ethyl amine. [W.B.H.S. ’89] 
le) Acetamide — Acetic acid. [W.B.H.S. '90] 


(0 Methyl amine — Methyl cyanide. 
(g) Acetonitrile — Acetamide. 


transformations : 


(i) CH;COCI E [А] 51. 


pi 
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16. Identify the compounds A, B, C, D ек. and give the names and structural formula in the following 


(ii) CHs-CH = CH; Шы {дүе ЖЕН...) A. Ic] 


Sn/HCI 


(iii) Сана + KCN ——— fay ЭМ" , gj HINO. 


(м снсоон A, qa]. Nh „ 


(v) | C4HsNHo + [A] + [B] —+ CsHsNHCONHCHs 


(vi) - HC = CH + HO EEO, m вр POs, [с 


(vi) CHsCOOH оо IA] — „ 
(viii) снсоон №. gy ^ 
(х) CHCHO | 0S [A —s 


(9 сн Mg TAT ona) nO xt 


(xi) Снн — — АТ й. Ic] 


Na/Alc 


бш) снна; KON [д] 2., 6 


Answers : 
(i) (A) CeHsCOCHs, (8) C,H&CH;CHs. 


(ii) (A) CH;-CHBrCHs, (В) CHsCH(CN)CHs, 


(iii) (А) CaHsCN, (B) C2HsCH:NHz, 
(м) (A) CsHsCOCI, (B) CsHsCONH?, 
(М (A) COCh, (В) CeHsNHp. 

(vi) (A) CHaCHO, (B) CH;COOH, 
(vii) (А) CHCOCI, (B) CHsCONH?, 


(viii) (A) CH;COONH, (В) СН:СОМН», 

(ix) (A) CHCOOH, (B) CH;COCI, 

(x) (А) CHyMgCl (B) CH;COOH, 
(xi) (A) CHaCH2CN, (B) CHXCH;CH2NH;, 
(xii) (A) CHaCH2CN, (B) СН;СНСООН, 


[W.B.H.5. '90] 
а 
в] —'°7* cyan ЊИМ үс]. pur. nor] 
Ni. (oj 
(8) Bess су -ВО, (ш 
ey ree, qc] SNS, {р} 
в] — 5, (а 
[p] SOCh, [су NH, [p] 
ДО!» (pj 
Ic] Nh, (pj 
к= 
(С) СН. Hs. 
(C) GHsCH,OH. 
(C) CaHsCHaNHa: 
(C) (CH;COLO, D) CHCONH,. 
(C) CH.CN, D) CHyCOOH. 
(C) CHsNHs, (D) CHOR. 
(C) CH;:CONH;. 
(C) CH;COCI, (D) CH:CONH;. 
(C) CH:CH;CH;OH, (D) CH;CH;COOH. 
(C) CH3CH;COCI, (D) CH;CH;CONHs. 


17. Identify the reagents A, B, C, D, E, F, С elc., in the following transformations: — [W.B.J.E.E. ‘86] 


D 


li) RCOOH “A> rcod Ê» RCONH, —C-» воч —2- RCHANH; 


L 


ү 


RCOOH  RCHOH 
[Ans. : А = РС, B = NHs, C = POs, D = Na/C2H:OH, F = HNO3, E = H/O/H'] 


(i) HCHO А снон —Ё— cud —S> cHycn As CHCOOH 


E 


снучн, E CH;CONH, Ê сњсоа 


[Ans. : А = LiAIH, B = PCls, C = KCN, D = H-O/Ht, E = РС, F = МН, С = Br/KOH] 
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18. Explain why : 


(i) Amines are stronger bases than ammonia. 
(ii) Dimethyl amine is a stronger base than methyl amine. 
(iii) Tri methyl amine is weaker base than methyl amine. 


(iv) It is difficult to prepare pure amines by ammonolysis of alkyl halides. 


(у) Silver chloride dissolves in aqueous soln. of methyl amine. 


Hints : Silver chloride forms soluble complex with methyl amine [Ag(CH3NH2)2}*Cl-. 


(vi) Tri methyl amine does not undergo acetylation. 
[Hints : Tertiary amines have no replaceable Н atom.] 


(vii) Boiling point of methyl amine is low as compared to methyl alcohol, though both of them form 
hydrogen bonding. 


[Hints : N is less electro-negative than oxygen and so H-bonding in methyl amine is weaker than in methanol. ] 
[viii] The amino group of methyl amine is basic whereas that in acetamide it is not basic. 
[Hints : The unshared pair of electrons on N-atom in amides are delocalised due to resonance and so less 


available for protonation. In methyl amine no resonance is possible. This explains why acetamide is a weak base 
than methyl amine.) 


D :9: 
CH-C-NH, <->  CHyC=NH, 


(іх) Aqueous solution of ethyl amine gives red ppt with ferric chloride. 


19. How would you prepare : 
(a) Methanol from ethanoic acid. 
(b) Ethene from propene. 
(c) Acetyl chloride from methane. 
. (d) Acetonitrile from methane. 
(е) Ethanoyl chloride from ethanol. 
(f) Acetic anhydride from methanol. 
(g) Acetamide from acetylene. 
(h) Acetamide from methanol, 
(i) Acetamide from acetyl chloride. 
li) Acetic acid and methyl amine from acetamide. 
(К Acetyl chloride from methyl chloride. 
(1) Aceto phenone from acetyl chloride. 
(т) Ethyl acetate from acetic acid. 
(n) Aceto nitrile from acetamide. 
(о) Acetyl chloride from calcium oxide. 
(p) Acetamide from carbon disulphide. 
(ч) Acetaldehyde from acetyl chloride. 
20. Answer the following questions : 


(i) Of methyl chloride and methyl amine which will be more soluble in water and why ? 


(iî) Give one test to distinguish between aniline and methyl amine. 


[HS ‘90] 


[Jt Ent 93] 
HS '93] 


[WBHS '91] 


(ili) How would you separate methyl amine, dimethyl omine and tri methyl amine from a mixture of the 


three ? 


(iv) How would you convert acetic acid to pyruvic acid and vice-versa ? 


{У How would you get acetic anhydride from ketone ? 


(vi) How would you separate ethyl acetate from acetic acid and ethanol 7 


(vii) How would you get ethyl acetate from ethyl methyl ketone ? 


(viii) Hydroxyl amine and ferric chlori i 
j chal гоху ^ eui, taion are added to an unknown compound when a red 
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(ix) Two isomeric organic compounds (A) and (B) have the molecular formula CJH4O;. (А) on hydrolysis 
gives methyl alcohol and an acid (C] which on decarboxylation gives ethane, whereas (B) on hydrolysis gives ethyl 
alcohol and an acid (D) which on reduction gives ethyl alcohol. Identify (А), (B), (С) and (0). How would you 
prepare (В) in the laboratory ? 

[Ans. : (A) = CHyCH2COOCH;, (B)  CHyCOOC Hs, (C) = СН;СН,СООН (D) = CH;COOH) 


€ Objective type of questions. 
1. Select the correct answers) : 
(i) Acetamide is treated separately with the following reagents. Which one of these would give 


methyl amine. и.т, *83] 
(а) PCls, (b) NaOH + Вг», (c) Soda lime, (d) conc H;SO,. [Ans. : (b]] 

(ii) The compound which on reaction with nitrous acid at low temperature produces an oily nitroso 
amine is— ILLT. *81] 


(а) Methyl amine, (b) Ethyl amine, (с) Dimethyl omine, (d) Tri methyl amine. [Ans. : (c)] 
(iii) Ethyl amine can be prepared by the action of bromine and caustic soda on— 


(a) Acelamide, (b) Propionamide, (c) Formomide, (d) Methyl cyanide. [Ans. : (b]] 
(iv) In hypo bromite reaction of amide, carbonyl carbon atom is lost as— 

(a) CO, (b)CO2, (с) CO; (d) None of the above. [Ans. : (c]] 
(v) Reaction of aliphatic primary amine with HNO; leads to the formation of— 

(a) A nitrile, (b) An alcohol, (с) A diazonium salt, (d) A secondary amine, [Ans. : (b]] 


(vi) Which of the following are not used for acetylation— 
(a) Acetyl chloride, (Ы) Acetic anhydride, (с) Acetic acid, (d) Acetamide. [Ans. : (с), (9) 
vii) Which of he following react with acid to form ocid chloride— 


(a) PCls, (Ы) PCl, (c) SOCh, (9) ССІ. [Ans : (a), (b), (c]] 
(viii) The strongest base of the following compound is— 
(а) (CaHslaNH, (Ы) Снн», (c) CaHsNH?, (d) CH;CONH;. [Ans. : (b]] 
2. Fill up the blanks : 
(о) СН;СОМН, when heated with forms methyl cyanide. [W.B.H.S, '87] 


(b) When CHyCOOC;H; is reduced with Na and alcohol yields 
(c) Acetyl chloride is produced by the action of СНУСООН with 
(d) Acetic anhydride is produced by distilling CHsCOCI with 


CH-IU/59 
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Introduction : Ancient people used to isolate a large number of organic compounds for 
their daily lives from vegetable kingdom. Examples of such compounds include resins, balsam, 
gum benzoin, essential oils etc. Although the exact nature of such compounds was not known 
to them, they found that all of them had one property in common i.e., 


a pleasant odour. These compounds were arbitrarily classified as H 

aromatic (Greek word Aroma means fragrant smell). In the course of | 
investigation in the last century it was found that all of them us. 
contained a higher percentage of carbon than the corresponding H— C C—H 


aliphatic compounds. It was Kekule (1865) who first recognised that | | 
all aromatic compounds contained at least six carbon atoms. He мел, b 

: к ЗЕЕ эш E 
proved that the simplest aromatic compound having six carbon ehh 


atoms is benzene which is the parent hydrocarbon and from which C 
all aromatic compounds can be derived. Moreover, all aromatic | 
compounds can be degraded to benzene and any attempt to degrade H 
further i.e., fewer carbon atoms than the six, leads to non aromaticity 

i,e., in all chemical transformation, all aromatic compounds must Benzene 


retain a six carbon unit. The structure of benzene was proved by Kekule as a cyclic planer six 
carbon unit structure with alternate single and double bonds—each carbon atom is attached to 
one hydrogen atom by covalent bond. Since all aromatic compounds are derived from benzene, 
they are, therefore, called benzenoid compounds. They are cyclic but their properties are totally 
different from alicyclic compounds which are analogous to aliphatic compounds. In addition 
to benzene, other aromatic hydrocarbons include napththalene (2 benzene rin gs,) Anthracene 
(3 benzene rings) etc. 


OA OI 


Napthalene Anthracene 


13.1. Structure of Benzene. 


1, Quantitative analysis and molecular weight determination show that the molecular 
formula of benzene is С,Н, The molecular formula of corresponding saturated hydro-carbon 
having six carbon atoms is hexane C,H,,. Comparison between benzene C,H, and hexane C,H 14 
shows that benzene is highly unsaturated. CH 


aN 
HC CH 
CH; CH, СН, СН, CH, СН, | 
(Нехапе) HC CH 
г 
сн 
x i Benzene 
2. In direct sunlight; benzene adds 3 molecules i.e., 6 atoms of chlorine to form benzene 
hexachloride. H a 
c SS odd 
a a N ж. 2 H 
HC CH 3 2C C $ 
| П Бадр. Н ч 
нс. сн 5 a + 
С с 
ме н2 ма 
H^ “а 


Вептепе Benzene. hexachloride 
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3. Benzene adds 3 molecules of ozone to form benzene tri-ozonide. 


H О 
R у 
H—C C—H 30 CH CH—O 
oe 1. d p 
Де 
H ^o 
Benzene Benzene tri-ozonide 


4. At 200°C and under high pressure benzene adds 6 atoms of hydrogen to form cyclo 
hexane. 


H 
| yt ,H 
H P m H 
H—c^ “ен DG С 
, 12 N 
| | тети " | n 
H—C C—H N c 
27 Pos X 
c H fo. H 
| iN 
H H H 
Benzene Cyclohexane 


5. The above reactions lead to the conclusion that the six carbon atoms in benzene are 
linked by double or triple bonds so as to form a straight chain or a closed ring. 

(a) Open chain structure : The possible open chain structures of benzene could be— 
CH; —C = C—C = C—CH;, СН =C—CH,—CH,—C = СН, CH,=CH—C=C—CH=CH), 
(i) (i) (iii) 

Since benzene did not give the usual addition reactions of alkenes or alkynes, all these 
structures were ruled out. For. example, benzene can neither discharge the pink colour of 
alkaline KMnO; nor discharge the red colour of bromine. Benzene, on the other hand, reacts 
with bromine in presence of FeBr; or iron powder to form mono bromobenzene vn'ch is a 
substituted product but not an addition product. All these prove conclusively that unsaturation 
in benzene is not like that of aliphatic compounds. 

(b) Ring structure : Benzene forms only one type of mono substituted product by the 
replacement of one hydrogen atom by a monovalent atom or group. Thus only one form of 
monochloro benzene ot mono nitrobenzene is known. This proves that all the hydrogen atoms 
in benzene are equivalent and one hydrogen atom is attached to each carbon atom. 

Mono chloro Mono nitro 
benzene benzene 
It is further observed that 3 isomeric forms of di-substituted and tri-substituted benzene are 


known. / 
Furthermore, benzene on complete hydrogenation forms cyclohexane — an alipliatic 
compound. 
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d 
а Cl 
d 
1 
a 
152 123 1:4 
Ortho-dichloro Meto-dichloro Pora-dichloro 
benzene benzene benzene 
OH он 
1 1 он 
6 p 6 2 6 2 
2 5 
5 OH 5 3 он“ NOH 
43 40H 4 
1,2,3 tri hydroxy 1,2,4 ki 1,3,5 tri hydroxy 
berze ne be 
(Pyrogallol) (Hydroxy quinol) (Phloro glucinol) 


6. From the above experimental facts, the German scientist August Kekule (1829-96) in 
H 1865 proposed the following cyclic structure of benzene with 
alternate single and double bonds. 


— 


нс cH Kekule’s structure could explain (i) the presence of 3 double 
| | bonds in benzene, (ii) the equivalency of 6 hydrogen atoms and 
Hoc сн (iii) theformation of one mono-substituted, three di-substi tuted and 
м three tri-substituted products. 
Сс However, Kekule's structure failed to explain the following : 
is (a) Although benzene contains 3 double bonds, if cam not 
Benzene discharge the pink colour of KMnO, or red colour of bromine. 


(b) Substitution reactions of benzene are far more than its addition reactions. 

(6) If benzene contains a fixed bond structure, then 
theoretically two ortho-disubstituted products are possible. But Br Br 
in reality one and only one ortho di-chloro benzene is known. Br Br 

In order to overcome this difficulty. Kekule proposed his 
oscillation theory. According to this theory, the С = C bonds in 
benzene are not fixed but are in state of constant oscillation (a) (b) 
between the following two possible structures . 

Kekule's oscillation theory received a striking support by the S CERES yid ases OC 
work of Levine and Cole on the ozonolysis of ortho-xylene. Toss c r ra 

` Now if the double bonds are fixed, then either a 


SR н mixture of dimethyl glyoxal and glyoxal in the ratio 
ne cH = Н 1: 2ora mixture of methyl glyoxal and glyoxal in the 
HC H HC! H ratio 2: 1 would have been formed. In fact all the 

CH CH products are formed when ortho xylene is subjected 


i : to ozonolysis. 
However. Kekule’s structure of benzene could not explain the unusual property of double 
bonds in benzene vis-a-vis the extra stability of benzene molecule. 
In order to account for this, a number of structures was proposed by various workers but 
none could clarify these defects. 
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/ А i 
[оготун [ozonolysis 
cH bo у. сно сно CHO 
B at bH ot CHO CH,COCHO + CH,COCHO + {но 
Dimethyl glyoxal Glyoxal Methyl glyoxal Glyoxal 


@ Modern theory regarding the structure of benzene : 

(a) According to the theory of resonance (1933) benzene is a resonance hybrid of the 
following 5 canonical structures, of which structures I and II are most contributing. However 
neither I nor II is the correct structure of benzene, the actual being the hybrid of the two. 


4i—» WM aig TOT SS ee. =» 


| ШП Ш N M 
Kekule’s structure Dewer's structure 
The unusual stability of benzene is due to the resonance hybrid structure. The two structures 
are equivalent. The ring is cyclic and planer — all the 6 carbon and 6 hydrogen atoms lie in 
one plane. H—C—C as well as C—C—C bond angles are all 120°. All the C—C bond lengths 


$Q—G-—O 1 
KR 

are same i.e., 1.39 À which is between C—C bond length (1.54À) 
and С=С bond length (1.34 À). Resonance hybrid makes amolecule H—C > —H 
more stable than that expected theoretically. This extra stabilisation т 
energy is called ‘Resonance energy’ which amounts to 36.0 k cal/ н—0, сн 
mole for benzene. Resonance energy сап be calculated from bond "SC p 
energy of benzene as follows : s 

Resonance energy = (Theoretical energy of combustion] — (actual energy of H 
combustion) v 

When benzene is subjected to combustion 789.00 k cal/mole of heat is 
liberated. 

CH.lg + 15/2O0:(g > 6СО, (g) + 3HO (9) AH = 789.00 К cal/mole 

(Given C—H, C—C and С=С bond dissociation energies are — 54.0, -49.3 and -117.7 k cal/mole 
respectively) 
Now theoretical energy of combustion of benzene — 
6 (C—H) bonds = 6x (-54.0) = -324.00 kcal/mole 
3(C = C) bonds = 3x(-117.7)= -351.1 7 
3 (C—C) bonds = 3x (-49.3) = -147.9 ” 

Total = -825.00 kcal/mole 

Resonance energy of benzene = -825.00 — 789.00 = -36.00 К cal/mole. 

The actual structure is more stable than either Lor II because, during combustion of benzene 
36.00 k cal/mole of energy is released. 

Resonance hybrid structure proves conclusively that inspite of the presence of apparent 
three aliphatic С=С double bonds in benzene, its addition reactions are very few in number 
unlike alkenes. 
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e Formation of sigma bonds in benzene : . i 
Since the steric number — ach carbon atom in benzene is 3, each carbon atom is in sp? 
hybridised state. Two sp? hybrid orbitals of each carbon atom form two sigma F н 
bonds with two adjacent carbon atoms ahd the third sp? hybrid orbital 
overlaps with the Ls orbital of hydrogen atom. Thus each carbon atom forms J ж 
3 sigma bonds . There аге 12 sigma (с) bonds in benzene. 6 (C—C) sigma 
bonds and 6 (C—H) sigma (6) bonds. 


2р, 2ру 2р, 


Carbon atomin excited state : Qe Ш Ш Ш [ ER 
is вр? ар? 


 Corbon atom in 
теч ls 28 


вр? 2р, 


(2p. orbital does not participate in sp! hybridisation) 
| ' 
X ке. ^^ 
, с 
= э wal 
s! hybrid bias Se n 


Formation of sigma bonds H 


€ Formation of pie bonds : 
Thus after the overlapping of sp? orbitals, cach carbons atom has one unused pz orbital 
disposed а! right angles to the plane of the ring. 
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The six C-atoms having p; oribital on each, now form 3 bonds. In benzene molecule, 
the pz orbital can overlap in two ways — (i) the p; orbitals of C, and Cs, C, and Cu, C, and С, 
can overlap to form 3 x bonds between the respective atoms; (ii) the p; orbitals of C; and C, 
C, and С., C, and C, can overlap to form Зл bonds between the respective atoms. 


Kekule's structure. Kokis strochure. 


However, the p; orbital of any one C-atom can overlap with the p; orbitals of adjacent C- 
atoms since the C atoms are at equal distance. Since benzene molecule is cyclic and planer, all 
the six p -orbitals of 6 carbon atoms overlap equally and continuously to form a molcular 
orbital which contains two continuous rings of x electron clouds—one lying above and the 
other below the plane of the 6 carbon atoms. 


Thus the electron cloud density in the x orbitals is uniformly distributed over the hexagon. 
Inother words, the x electrons are extensively delocalised and this delocalisation of t electrons 
imparts stability to the benzene molecule, 

For convenience, benzene ring is represented as a regular hexagon having a circle which 
denotes the delocalised л electron cloud in benzene. 


no true aliphatic double bond between two carbon atoms in benzene. explains why (i) 
benzene shows few addition reactions, (ii) the C—C bond distance (1,39 A) in benzene is in 
between C—C single bond and C = С double bond distance i.e., the double bond distance in 
benzene is not of aliphatic type. 


а number of aromatic known which possess obnoxious smell. According to 
electronic concept, aromaticity depends upon the following factors : 
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(1) АП aromatic compounds possess cyclic planer structures. 

(2) The carbon atoms forming the ring must be in sp? hybridised state. 

(3) All aromatic compounds must have alternate single bond and double bond i.e., 
conjugation. The double bonds must be delocalised. 

(4) Unusual stability : All the aromatic compounds are highly stable as shown by their low 
heats of combustion. Thus the heat of combustion of benzene is 789.1 k cal/mole as compared 
to that of hypothetical cyclo hexatriene (824.1 k cal/mole). They are resistant to oxidation by 
aqueous KMnO,, HNO, etc. T 

(5) Preference of substitution reactions rather than addition reactions : Although the 
aromatic compounds possess double bonds they undergo electrophilic substitution reactions 
like nitration, halogenation etc. 

(6) Huckel's rule— Theoretical criteria for aromaticity : All aromatic compounds must 

obey Huckel’s rule. 

The Huckel's rule states that, all cyclic planar system having (4n +2) non localised pie 
electrons must be aromatic, where n is an integer 1,2,3 or zero, representing the number of 
benzenoid ring i.e., number of n electrons = 4n + 2. 

Examples : 
(i) On the basis of the above criteria of aromaticity, it can be clearly shown that compounds 
derived from benzene, heterocyclic compounds and carbocyclic non-benzenoid system are all 


typical aromatic. СҮ үс“ 
Q 3 


No. of x. electrons = (4n + 256 =10 =14 
(ii) Furan, thiophene, pyrrole and ругїйїпе аге all mono-cyclic system with alternate single 
and double bonds obeying Huckel's rule and possess aromaticity. In each case л = 1 and the 
number of л electrons is 6. 


" mm Ene 


| 
Furan Pyrrole Thiophene Pyridine 
(iii) Similarly bicyclic heterocyclic compounds like indole, quinoline etc., having n = 2 are 


also aromatic — allofthem obey Huckel's rule. (In each heterocyclic compounds two electrons 
in the p, orbital of an hetero atom e.g., O, S, N etc., are to be taken into consideration in order 


to justify Huckel's rule). % np dy 
М N 
H 


Indole Quinoline 
у s Number of x electrons = 10 Number of x electrons = 10 
; (iv) Certain carbocyclic non-benzenoid systems formed by the loss of proton which are ionic 
in character also obey Huckel’s rule and exhibit aromaticity. All these form are quite stable salts. 


Cyclo hepta trienyl cation, n = 1 [e i = 
Num т electrons Уо proper pe A m 
=4х1+2=6 =4х0+2=2 
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(у) Non-benzenoid carbocyclic system having more than one ring (n=2) exhibits aromaticity, 
and obey (4n + 2) rule. Thus azulene is a fused bicyclic system having two rings — one with 
7 carbon atoms and the other with 5 carbon atoms. 

There are 107 electrons—the 7-numbered ring 


has 7 л electrons while the 5-numbered ring 

has 5 7 electrons. If one л electron from seven ы 

numbered ring is transferred to the five numbered —— 
ring, then each ring acquires a closed shell of 6 7 


electrons, each ring assumes aromatic sextet. The 
molecule develops a dipolar character and exhibits 


aromaticity. 

€ Test of. aromaticity : All aromatic compounds have 
cyclic delocalised л electron system and because of this 
delocalisation, the electron cloud can move in any direction, 


but when it is exposed to an external magnetic field which is 

perpendicular to the plane of the ring, the circulation takes Dipolar aromatic structure of Azulene... 
place in one direction and the molecule exhibits 

diamagnetism. It is always observed that all aromatic compounds develop higher diamagnetic susceptibility than 
the value theoretically calculated. The protons are deshielded and the total magnetic field around hydrogen atom 
is much greater than the applied external field. — 

This increased magnetic susceptibility is measured by nuclear magnetic resonance spectroscopy (NMR) 
method which conclusively proves the presence of aromaticity in a molecule. 

Definition of aromaticity : Cyclic planer compounds having alternate single and double 
bonds i.e., congugation and high thermal stability and high resonance energy and obeying 
Huckel's rule i.e., (4n +2) melectron system which can sustain ring current having unique 
N.M.R spectra [lower tau (т) value] are called aromatic compounds. 

€ The structure of cyclobutadiene is not aromatic — Explain. 

The structure cyclobutadiene C,H, is shown here. 

It is cyclic and planer but no conjugation is present. Here п = 1, hence the 
number of x electrons does not obey (4n+2) rule but obeys 4n rule i.e., 4. This 
molecule is unstable and non aromatic, (4n + 2) x electron system predicts 6 x HC CH 
electrons in the molecule. 


e Explain why, cyclo pentadiene is non aromatic but cyclopenta dienyl ion is aromatic. 


CH 


H In cyclopentadiene, one of the carbon atoms (ё ) is in sp? 
hybridised state while the other four carbon atoms are in sp? 
‘state. The molecule is non planer and hence non aromatic. 
H Moreover it does not obey Huckel's rule. 


On the other hand cyclo penta dienyl ion formed by the loss of proton is aromatic. The ion has the following 
five resonating structures which accounts for its stability. 


кш, бҥт ent 


Cyclopentadiene Cyclopentodienyl ion 


ho — +3 >->-> 


The ion is planar and obeys Huckel's rule. It hos (4n +2) x electrons including the twoelectrons in 2p orbital. 
Hence cyclopenta dienyl ion is aromatic. 
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ө Explain why pyrrole is aromatic : 

Pyrrole is a eli compound and it has following structure having 
apparent four т electrons. 

Here the lone pair on the nitrogen atom conjugate with the four 2p, electrons of 
the ring thereby churn Huckel’s rule (4n + 2) т electron system. Here n = 1 and 
number of x electrons = 6. The molecule is planer and hence aromatic. Because of 
delocalisation of lone pair is the ring, pyrrole is very weak base. 


13.3. Aromatic radicals . 
An aryl radical results when one or more hydrogen atoms are removed from an aromatic 


compound. The adjecent table gives the name of such aryl radicals obtained by the removal 
of hydrogen atom (s) from benzene and toluene. 


Aryl radical Name The phenyl group is often given the symbol Q or 
ВЕ Phenyl Ph . Thus, benzaldehyde may be represented as 
-GH CH Tolyl СеН;СНО or Ph CHO or ф CHO. R is used to 
EN У denote an alkyl radical, so also Ar is used to 
pie Phenelene denote an aryl radical. 
Сан, CH; — Benzyle 13.4. Isomerism of benzene derivatives 
"d and their nomenclature. 
PREIS Л (1) Mono-substituted compounds : Benzene 
| issymmetrical molecule with zero dipole moment. 
ciam Ба АП the 6 hydrogen atoms of benzene are 
С cH equivalent. Hence when any one of the hydrogen 
СН. Benzhydry ien atom of benzene is replaced by monovalent atom 


orradical, itexists only in one form. Hence mono 
substituted benzene does not exhibit isomerism. If the group is placed in any position of the 
benzene ring, the compound remains the same. 


— — 
Chloro benzene Phenol Toluene 


(ii) Di-substituted compounds : When two of the hydrogen atoms of the benzene ring are 
replaced by two same or different atoms or groups, three isomers are obtained. These are all 
examples of positional isomers. Thus three di-bromo, three di-hydroxy and three di-nitro benzene 
are obtained having different properties. These names are derived according to their different 


positions in the ring. 
Br Br Br 
Br 2 2 “уг 
3 3Br Se 
4 4 Br 


Ortho-dibromo Meta-dibromo Para-dibromo 
benzene benzene benzene 
(a) Ortho-isomer : This isomer results when two hydrogen atoms of the adjacent carbon . 
atoms (1,2) or (1,6) or (2,3) or (3,4) etc., are substituted by groups or atoms. 


C1 с ; NI 
1 1 Pl 02 102 
6 с ае леза, мо; NO; 2 
60° 8 
5 3 5 3 2 Sorts 3 5 3 
x 4 C x X 


Ortho dichloro benzene Ortho dinitro benzene 


AROMATIC COMPOUNDS 385 


The angle between the two substituted groups in ortho isomer is 60°. 

(b) Meta isomer : Meta isomer in benzene ring results when the two substituted atoms or 
groups in the hexagonal ring are on alternate carbon atoms i.e., (1, 3), (1, 5), (2, 4) (3, 5) etc. 

The angle between the two substituted groups in meta isomer is 120°. 


Н NO; NO, с 
is 
207. x 6 2 Mord r 
RU NO; 3 5 мо; с 
4 4 


120° 
ЕЕ р Mela dichloro 
Meta dinitro benzene benzene 


(c) Para isomer : When the two hydrogen atoms of the two diagonally opposite carbon 
atoms (1, 4) or (2, 5) or (3, 6) in benzene ring are substituted by atoms or groups, para isomer 
results. 


Para-dichloro benzene 


The angle between the two substituted groups in para isomer is 180°. 

Normally it may. be stated that the next carbon atom 
with respectto the substituted carbon atom isortho position, 
the alternate carbon atom with respect to the substituted 
carbon atomis meta position and the opposite са rbonatom 
with respectto the substituted carbonatom is para position. 
Thus with respect to the substitutent X in the benzene ring, 
the ortho, meta and para positions are shown here. 

(i) For identical disubstituted derivatives, the word ‘di’ 
is used after the name of the isomer. 


cl 1 NO; CH, 
$E ст: O 
CH, 
No. 1 


2 
Ortho dichloro benzene ^ Para dinitro benzene ^ Mela dimethyl benzene 
(ii) If the two substituents are different, in naming ortho, meta and para isomer, a parent 
name or root name is fixed. The preference of the functional group acting as a root name is in 


the following order : 
-COOH >, -CONH;>, -CHO > -CN » -C =O >-СН,ОН > -CH, > -OH > -NH;» -NO;» - CI» - Br» -1 


- After fixing the root name, the second substituent is placed before the root name. The 
following examples will clarify this point. 


COOH CHO OH NH, 
ae Z5 
і C m 
= NO, 
Ortho methyl оНуйгоху p-Nitro phenol Meta nitro 


benzoic acid benzaldehyde aniline 
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Br CH, NO, COOH 
c 
cI 
d NO, 
Meta-bromo Ortho-chloro Para chloro ' Para-nifro 
chloro benzene foluene nitro benzene benzoic acid 


Trivial names of a large number of di-substituted benzene are still used freely. A few 
examples are given here. 


CH, 
соон соон CHO OH 
OH eu ФА О” 
NH; 


Salicylic acid Anthralinie acid Salicyaldehyde Catechol Para toluidine 
Gii) Tri and more substituted derivatives : In naming tri and more substituted derivatives 
of benzene, the preferred functional group as given above is given number | . The six carbon atoms 
of the benzene ring are then numbered from 1 to 6 around the ring so that the substituent groups 
ge: the lower number. The substituent groups are preferably named in alphabetical order. 


чы 19% jen 
фу. 67 NO C So 
5 3 5 3 5 ‘NH. 
4 ‘4 4 XT dil 
сн, NH; Br 
1,2,4 - Trimethyl benzene, and 4-Amino-2-nitro "luene and not 3-Amino-4-bromo-6-chloro 
not 1,4,6-Trimethyl benzene, 4-Amino-6-nitro toluene as the toluene, not 5 Amino-4-bromo - 
since the sum of the locator sum of the locator numbers is 2- chloro toulene as the sum of 
numbers is higher. higher. the locator numbers is higher. 
1 1 сно 59%, 
6 а cl 
2 6 2 6 4 
3 SN ион HOOC 3 
3 1 
4 М 4 ci Br 2 
5-Bromo-2,4-di-chloro phenol 4-Chloro-3-hydroxy 2-Bromo-4-chloro-5-methyl 


benzaldelyde and not 4-Chloro- benzoic acid and not 6-Bromo- 
5 hydroxy benzaldehyde 4-chloro-3-methyl benzoic acid 
13.5. Orientation. 

The term orientation normally refers to the arrangement of groups or substituents on 
benzene ring, but more precisely the term orientation actually indicates the assignments of the 
positions of the substituents or groups with respect to a substituent already present in the ring 
during electrophilic substitution reaction of a mono substituted benzene. 

Let us consider a monosubstituted benzene, say С.Н:Х. When a second substituent say E 
enters the ring during electrophilic substitution of the former, three products may be formed 
e.g. ortho, meta or para isomers, but in different ratios. The group or the substituent already 
present in the benzene ring actually dictates, which isomer (isomers) will be the major product. 
It is always found either of the two isomers as shown below : 


X X X М 
Oo =o: © 
SS —— + 
Е н -H* 
E 


ima CHX Ortho Para 
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(i) In the first case X directs the incoming group in the ortho and para position and the result 
is the ortho and para isomers. In this case the formation of meta isomer is negligible. 

(ii) In the second case incoming E is directed to the meta position by X and exclusively meta 
compound is formed (the formation of other two isomers being negligible). In fact, X acts as a 
traffic police in controlling the cars in a metro city road junction. 

© Classification of substituents or groups : 

Substituents or groups are classified as ortho-para directing or meta directing according to 
whether they will direct the incoming second group in the ortho-para position or meta position 
if they are already present in the benzene ring. 

(a) Ortho-para directing substituents : Any one of the following substituents when presents 
in the benzene ring, directs the second incoming substituent. in the ortho and para position. These 
are called ortho-para directing or ortho-para orienting groups. Examples of such groups are— 
-OH, -NH, -NHR, -NR, -ÓCH, СЕ, -Br, —[:, - CH. = СН, etc. 

Except alkyl groups, all these groups must contain at least one unshared pair of electrons. 
They are called activating groups because they activate the ortho and para positions of the 
benzene nucleus by supplying electrons, thereby these two positions become negatively 
charged. As a result the incoming electrophile (E*) can easily be bonded here giving rise to 
ortho and para isomers. Since they can activate the benzene ring easily, their rate of reaction 
with the electrophile is much faster than the reaction between the electrophile and pure 
benzene. 

ОН group is ortho-para directing and hence the second substituent say — NO, group will 
go to ortho and para positions. Since — OH group is activating, even dilute HNO, is sufficient 
to react with phenol to form ortho and para nitro-phenol even at room temperature. Benzene, 
on the other hand, does not react with dilute HNO,. For nitration of benzene, a mixture of conc. 
HNO.. and conc. H;SO, is required at elevated temperature. 


Activating influence of ortho-para orienting groups can be demonstrated by the following 
five resonating structures. In structure II, III & IV, negative charge is developed due to the 
presence of the ortho-para orienting group say -OH group. The electrophile NO;* (nitronium 
ion) can easily attack these two positions. 


он, 00 *Q—H Он :0—H 
CORSO 4-0 
1 ı1 itt IN ۷ 


Ortho-para orienting effect of — CH, group : In the above example, the benzene ring is 
activated by the -OH group having two lone pairs of electrons, the ortho and para positions 
become electron rich, thus facilitating the substitution of electrophile NO;* to enter there easily. 
On the other hand, the alkyl groups do not contain any lone pair, yet they are ortho-para 
directing. This can be explained ол the basis of hyper conjugation effect which is highest in 
~CH, group and lowest in tert. butyl group. Thus o—p directing influence of -CH, group is due 
to inductive and hyper-conjugation effects. As a result of these effects, the ortho and para 
positions of benzene ring become electron rich as shown in the next page : 
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H н 


H 5 Н 1 
н— не не HCH -H 
is as aor eue o fm 


(b) Meta-directing substüuents : Meta directing groups include : 


он 
+ 

-N=0, (=0, =0, -Ç=0, =0 479 
[og OH H CH; NH; о 


-С=М, .-CCh -C Br, —CF; etc. 

Except -CCl,, CBr; and CF; groups, all of them contain a strong electro-negative atom 
and a double bond, the later is responsible for their meta orientation effect. АП the above 
groups withdraw electrons from benzene nucleus, thereby develop +ve charge on the ortho and 
para positions and thus deactivate the ring. Hence all meta directing groups are ring 
deactivators. If any one of the above groups is present in the benzene nucleus then the rate of 
reaction becomes slowerthan that of benzene and as such higher temperature must be provided 
to introduce a second substituent. This explains why benzene can be nitrated with a mixture of 
conc. HNO, and conc. H;SO, at 50—60°С to form nitrobenzene, but a temperature of 100*C 
is required to produce meta di-nitrobenzene from nitrobenzenc. This is because ofthe fact that, 
—NO. group being a meta orienting group, deactivates the benzene ring to a larger extent. High 
energy must be provided to activate the benzene riag in nitro benzene. 


NO; N05 
HINO, 
pale aS 
HjSO, мо; 
Nitro benzene Melo-dinitro benzene 


e Deactivating effect of - NO; group is illustrated below : 


Seid. lono анон 
+ +, 
| p cames. £s | 


22 


~ NO, group withdraws electrons from the ring, more precisely from ortho and para 
positions. As a result, the electron charge cloud density of those positions is substantially 
diminished. The electron density of the ring is decreased causing the deactivation of the ring 
to the electrophile attack by a second electrophilic reagent (E*). A close scrutiny of the above 
structures show that the meta position is neutral which is definitely more electron rich than the 
two positively charged ortho and para positions. Therefore, an electrophile ( which is 
hankering after electron) will preferably attack the meta position. This explains the meta 
directing effect of -NO, group. 

The meta directing effect of -CHO group is also shown below : 


нс. HCO но, нс н-С=О 
+—| = 
2. 


+ 


i A Anomalous behaviour of. halogen substituent : It is observed that inspite of their strong 
-I effect, halogen are o—p directing. It is thus found that although chlorine is o-p orienting, it 
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is more difficult to nitrate chlorobenzene than benzene i.e., chlorine deactivates the ring, 
although the new entrant enters the ortho and para position in the chlorobenzene. The 
resonance structures of chlorobenzene are— 


с «dz 


The resonating structures explain the o—p orienting effect of chlorine while its —I effect 
explains its deactivating property. Its +M (Mesomeric effect) is not very significant. The low 
+M effect is shown by the fact that, the direction of the C—C! dipole is still in the direction 
C—CI. Thus Cl atom becomes lesselectro-negative than it would have been if there was no +M 
effect. Thus it may be stated that in halobenzene +M effect is not sufficient enough to 
compensate their —1 effect, as a result of which the benzene nucleus becomes deactivated. 

(с) Introduction of a third substituent in the benzene ring : Introduction of a third 
substituent in the benzene nucleus is controlled by the nature of the first two groups already 
present in the ring. 

(i) If the two groups already present in the benzene ring are ortho-para directing, the 
position of the third substituent is directed by the more powerful ortho-para orienting group 
(Activating group). The ortho-para directive power of each group is in the following order : 

-O- > -NH, > -NR, > -OH > -OCH, > -СН, > -I> -Br > -Cl 

Thus in ortho hydroxy toluene, 2 isomers are possible (as shown by arrow head). Here -OH 

group is more powerful than CH, group and hence controls the positions of the third substituent. 


CH, 


CH, e 
O+0" 9? 
EET E. 

TA S 


(Double arrow indicates larger amount.) 
cl d CÎ 
x 
+ 
x 
к © М k 
(ii) If the two groups are meta directing (deactivating), the directive power of each group 
is in this order. -NO; > -CN > -S0;H > -CHO > -COCH; > “COOH. Since — NO, group is 


more powerful than -COOH group, the third group in o-nitro benzoic acid is controlled by - 
NO, group. 


CH, CH, 
NO, NO, NO, “ 
СООН СООН COOH i. 
On or О! 
Zz ES NO, NO, 


(iii) [fone group is o—p directing and the other is meta directing, the introduction of the 
third substituent is controlled by o—p orienting group. Again if the orientation of the two 


groups reinforce each other, then only one isomer is produced. «wy tH 
ө Role of inductive effoctin aromatic substitution of arilinium ion- М 3 
Aniline is o.— p directing, but in presence of strong acids it gives 

snainly the m-substitution product. It is because of the fact that, in | 

presence of strong acid, aniline forms anilinium ion. Because of the A 

presence of positive charge, anilinium ion exerts a strong l-efect ond Ад e Я ntium jon; 


thus gives mainly the m-substituted product. The lone pair in anilinium des dm. 
ion is used in rt i ез of bond with H-atomand soitdoesnotexert Р directing m directing 
any electromeric effect but exerts a strong effect due to the presence of positive charge. due of | - effect. 
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13.6. Homologous series of aromatic compounds. | 

Like aliphatic compounds, aromatic compounds also form hamologous series like 
hydrocarbons, ethers, aldehydes, ketones, acids, amines, hydroxy compounds etc. Examples 
of some aromatic compounds with their classes and structures are shown below : 


e Homologues of benzene or arenes. 

When hydrogen atom (s) are replaced by one or more alkyl groups the resulting 
compounds are called homologues of benzene or arenes. Their general formula is C,H», є 
where n = 6, 7, 8 etc. 


€ Different aromatic compounds and their structures : 
A number of aromatic compounds, their trivial names or IUPAC names are given below : 
(1) Aromatic hydrocarbon (Arene). 


CH, GH, CH, CH,CH,CH, 
Benzene Toluene or Ethyl Xylene Propyl benzene 
benzene 1, 2-Di 
CH, 3 
Os. 
CH, 
m-Xylene ог Xylene or 
1, 3-Dimethyl benzene 1, 4-Dimethyl benzene 
(2) Halogen derivatives. я 
а сн, сн, CH, 
( | с ( y 4 ) С y 
с Cı 
Chloro benzene 1,2-Di-chloro — o*Chloro Para chloro 2,4-Dichloro 


Iuene 
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(3) Nitro derivatives. 


nus NO, CH, н; 
NO; 
NO; NO, 
Nitro benzene. Melo-dinilro benzene Meto- nitro toluene Ortho-nitro toluene 
(4) Amino-derivatives. 
NH, NH, 
CH; on 
Aniline or Amino Ortho-amino NH; 1, 3-dicomino tty or 
benzene Toluene or Ortho Tuluedine Para omino meta phenylene diamine 
Toluene or para Toluedine 
(5) Phenols and aromatic hydroxy derivatives. 

Phenol or Ortho Para AX 

Hydroxy benzene. "i 
OH OH 
1,2 - Dihydroxy benzene 1,3 - Dihydroxy benzene da 4: yon benzene 
or catechol or Resorcinol. 
OH 
OH 
OH 

Pyrogallol or Hydroxyquinol or Phloroglucinol or 
1 24 - Trihydroxy benzene 1,2,4 - Trihydroxy benzene 1,3,5 err cna benzene 


(6) Aromatic alcohol : Here -ОН group is attached to side chain and not directly with the 
benzene ring as above. 


H,0H 


Benzyl olcohol 
CH-II/60 
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(7) Aromatic carbonyl compounds. А 
(а) Aldehyde [-CHO group is directly attached to the benzene nucleus) : 
CHO CHO CH, CHO 


OH "CHO 
OCH 


Benzaldehyde Ortho hydroxy Ortho: methyl OH 
benzaldehyde ог Salicyaldehyde benzaldehyde ^^ Voniline or meta methoxy para 
hydroxy benzaldehyde 


(b) Ketonic compound. сосн, 
с 
1 
о 


Aceto phenone З 
or Methyl Lam ketone Benzophenone or Diphenyl ketone 


(8) Aromatic carboxylic acid. 


COOH COOH CCOH COOH 
CH. 
Benzoic acid Ortho methyl Para-methyl Salicylic acid 
benzoic and benzoic acid or Ortho-hydroxy 
or Ortho tolueic acid or Para tolueic acid benzoic ccid 


13.7. Electrophilic substitution reaction of aromatic compounds. 


Most of the reactions of aromatic hydrocarbons belong to electrophilic substitution reaction. Thus, nitration, 
halogenation, sulphonation, Friedel craft reaction etc., all are electrophilic substitution reactions. Addition 


reactions of benzene and its homologues are very few despite the presence of three double bonds. This is due to 
the fact that the double bonds in benzene are not of aliphatic type. 


In electrophilic substitution reaction, an electrophile Et — an electron deficient species attacks the benzene 
ring and replaces a hydrogen ion Н" from the ring. 


E 
OO: 


An electrophilic substitution reaction proceed by a common bimolecular mechanism i.e., the formation of an 
intermediate which is the rate determining step. The various steps of the reaction are shown below. 


(i) Generation of an elecrophile (E*) either by dissociation of the reagent or by combination with the catalyst. 
E- Nu =F + Nu 
E- Nu + X = E+ Nu-X 
(Catalyst) 
lii] Polarisation of the double bond in benzene (or any arene) by the electrophile. 
+ 


Go 


(iii) Attack of E * on the polarised benzene ring to form a carbonium ion, called о complex. 


ХОН 


On (у 
opo E 


с complex 
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In с complex, the carbon atom being attacked by Е“, changes its state of hybridisation from sp?to sp’. The 
с complex is not a benzenoid but it still contains two conjugated double bonds. Hence it can be stabilised by 
resonance. But this stabilisation is much lesser than that present in benzene. Hence its stabilisation energy is very 
low and can not be isolated. 


This unstable carbonium ion is variously called o complex, or benzenium cation or wheland intermediate or 
cyclohexadienyl cation. 


(iv) A proton is then eliminated from ће с complex leading to aromatisation of the ring and yielding the final 


product. Tg 
Е 
SIL 


We shall discuss the above basic principle of electrophilic substitution reaction in connection with the 
' halogenation, sulphonation, nitration etc., in benzene. 

13.8. Nucleus and side chain in aromatic compounds. 

An aromatic compound has two parts— (i) nucleus and (ii) side chain. 

(i) Nucleus : All aromatic compounds must contain a benzenoid ring. This benzenoid ring 
constitutes the nucleus of an aromatic compound. 

(ii) Side chain : An alkyl group directly attached to the benzene nucleus of any aromatic 
hydrocarbon is called side chain. e.g., “CH, CH; etc. The resulting compound is alkyl 


benzene. 2 ' CH,CH, CH=CH, 
Toluene Ethyl benzene Styrene 


Thus in toluene, the benzene nucleus contains one side chain СН; group and ethyl benzene 
contains one side chain i.e., -C;H; group. The side chain may also be unsaturated as in styrene 
i.e., vinyl benzene. 

In toluene, the benzene ring constitutes nucleus and the CH; group is the side chain portion. 
The side chain moiety may take part in addition as well as substitution reactions. Sometimes 
the benzene nucleus of toluene undergoes electrophilic substitution reaction retaining the side 
chain “CH, group intact. These are called nuclear substitution reactions. Sometimes hydrogen 
atom or atoms of the methyl group (CH) undergoes substitution reaction by univalent halogen 
and other group. These are called side chain substitution reactions. In such reactions the 
benzene nucleus remains unaffected. 

(a) Nuclear substitution reaction : When the hydrogen atom of benzene ring is substituted 
by univalent atom or group, the reaction is called nuclear substitution reaction. The side chain 
remains unaffected in nuclear substitution reaction. 


CH; CH; CHa 
C1 
РОЗЕ 227 e + + ud 
[PM o-diloro toluene с 


394 Е\ЕМЕМЇ$-ОЁ CHEMISTRY 


Thus when Cl, gas is passed into toluene in cold in presen: 


ce of halogen carriers like iron 


powder, iodine etc., ortho- and para- chloro toluene is formed by the replacement of the 


hydrogen atom of benzene ring by chlorine atom. 
Other examples of nuclear substitution : 
CH; 


мо; 


-NO, group substitutes 
Н atom of the benzene necleus 


CH; 


OH 


-OH group replaces Н atom 
ofthe benzene nucleus 


(b) Side chain substitution reaction. : Side chain substitution reaction involves the 
replacement of hydrogen atom or atoms of the side chain of the aromatic compound by 


monovolent group or atom. 


Thus, when Cl; gas is passed into boiling toluene in presence of sunlight, the hydrogen atom 
of the CH, group is substituted one by one by chlorine atom to form benzyl chloride 
(СЕН; CHCl), benzal chloride (C,H sCHCI,) and benzo trichloride (CsHs ССІ;) -the hydrogen 


atoms of the benzene ring remain unaffected. 


CH, сна 
Cl. 
© Ta ийт” $ BG 
Benzyl chloride 
CH; CHC), 
281, : 
© 110C + 2HGl 
Benzol chloride 
CH; C.Ch 
30h 
O mme + 3HCI 
Benzo tri chloride 


[Only 1 Н atom of the side chain 
is replaced by 1 Cl atom] 


[2-H atoms of side chain are 
replaced by 2Cl atoms] 


[All the 3-H atoms of the side chain 
are replaced by 3-Cl atoms] 


(c) Oxidation of side chain : Benzene ring is very stable and not susceptible to 
oxidation by easy means but the side chain moiety is easily oxidised. Oxidising agents like 
K,Cr207 + conc H,SO,, KMnO; + NaOH etc., are used for oxidation purpose. The final 
oxidation product of side chain (saturated or unsaturated) is carboxylic acid .i.e., the side 
chain is converted into -COOH group. The number of side chain corresponds to the number 
of - COOH group. Moreover whatever be the number of carbon atoms in the side chain, 
the final product in every case is the formation of carboxylic acid. The nucleus of the 


benzene remains unchanged. 


CH; COOH CH; COOH 
sit. sol Oba sco [o] 
KMnO, KMnO, 
Benzoic acid CH; COOH 
CH;CH;CH;CH, Terepthalic acid 
[0] 
KMnO, 


Butyl benzene 


Benzoic ocid 
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It should be noted that if -OH group is directly attached to benzene nucleus, the resulting 
compound is acidic. It produces violet colour with neutral FeCl, solution. On the the other hand 
if the OH group is attached to the side chain, the resulting compound becomes aromatic 
alcohol. It does not produce violet colour with neutral FeCl, solution. 


CH;OH OH 
Benzyl alcohol Plianbl or 
analogous to carbolic acid 


aliphatic alcohols . 
e Nuclear and side chain reactions of toluene is schematically shown below : 


CH3 t 
GALO 
1 room temp. $ 
Nuclear Y 


substitution orchloro toluene роо toluene. 
reaction. 
н; CH; 
Conc HNO; mor. 
Conc-H;SO, 
NO; 


Nitro toluene. p'Nitro toluene. 
сну CHa 


Сот.Н,50, © Jen " 


S04H 
оЛоіџепе sulphonic p-Toluene sulphonic 
aid E 
єн; сну 
CH3CI/ AICI, Сн; 
сн, + 
ну 
o-xylene praylene 
Tolvene 
соон x 
[0] маон/сао, 
SO 
Benzoic acid Benzene 


HCl? ccu 
Or 
Benzol Benzo tri 
chloride chloride 
13.9. Characteristics of aromatic compounds—Distinction between 
aliphatic and aromatic compounds. | 

All aromatic compounds must contain at least one benzene ring which contain three 
C—C single bonds and three alternate C = C double bonds, but the double bonds in aromatic 
compounds are quite different from those of aliphatic one. A compound is said to be aromatic 
if the following chemical properties are present in it. 


Benzyl 
chloride 
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(i) АП aliphatic unsaturated hydrocarbons undergo addition reaction but except in few 
cases benzene does not undergo such type of reaction. 

(ii) Aliphatic compounds containing -OH group are neutral called alcohols but phenol 
i.e., C4H;OH is acidic in nature. 

(iii) Inspite of the presence of 3 double bonds, most of the reactions of benzene and its 
homologues belong to substitution type giving rise in halobenzene, nitro benzene, benzene 
sulphonic acid, where one or more hydrogen atoms of benzene ring are replaced by -X, -NO, 
and —SO;H groups respectively. 

(iv) All aromatic hydrocarbons undergo Р! riedel Craft reaction but aliphatic hydrocarbons 
do not undergo such reaction. 

(у) Since the percentage of carbon atom is more in aromatic hydrocarbon than in aliphatic 
one, the former burns with sooty flame. 

(vi) The natural sources of all aromatic hydrocarbons are coal tar, petroleum and vegetable 
kingdom. 

(vii) Aromatic compounds are more stable than the corresponding isomeric aliphatic 
compounds which is attributed to the high resonance stabilisation energy in the aromatic 
compounds. Therefore, while aliphatic compounds are easily oxidised, aromatic compounds 
are resistant to oxidation. Thus, while ethene, ethyne etc., are easily oxidised by alkaline 
KMnO, or dil HNO; to carbonyl compounds, aromatic compounds are inert towards these 
reagents. Moreover while unsaturated aliphatic compounds decolourise red colour of bromine 
water or pink colour of alkaline KMnO,, aromatic compounds can not.do so. 

(viii) Aromatic amines are less basic than aliphatic amines. We know that availability of 
unshared pair of electrons on N atom for protonation is a measure of the strength of base. 
Aliphatic amines containing alkyl groups have +I effect hence the electron pair forming 
C—N bond in aliphatic amine is displaced more towards N atom, increasing electron density 
on N-atom and enhancing its basic property. On the other hand -C;H; group has -I effect, as 
a result of which the ability of N atom in aromatic amine to donate the lone pair of electrons 
becomes less. Therefore, its basic property is decreased. 


Т NH, 
CH, —— NH; 


M | effect - l effect 
amine ili 
(Strong base) ЖЕШЕТ 


(ix) Halogen atoms in alkyl halides easily undergo nucleophilic substitution reaction (both 
Sy-1 and Sy-2) but halogen atoms in aromatic compounds can not be so easily displaced by the 
nucleophiles. 


R—Cl +aq. KOH — — —» ROH + KCl 
Ar —С1 + ag. KOH ————> No reaction 
2 (x) Aliphatic amines when react with NaNO, and dil НСІ produce effervescence liberating 

nitrogen and forming alcohol but aromatic amines under same experimental conditions form 
diazonium compounds. 

R—NH, + HNO, ROH + №, + HO 

ArNH + HNO: xou АПЫСГ 
13.10. Distillation of coal tar and isolation of benzene, toluene and phenol. 


When powdered bituminous coal is subjected to destructive distillation i.e., heated in a fire 
clay retortat 1000'C to 1200°С in absence of air, a black foul smelling viscous liquid is distilled 
out which is called coal tar. Coal tar is a mixture of about 200 solid and liquid compounds— 
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a number of them belongs to aromatic class. The black colour of coal tar is due to the presence 
of very fine cabon particles in it. All types of compounds—acidic, neutral and basic 
compounds are present in coal tar. Coal tar is, by far, the most important source of benzene and 
its homologues. i z 

Fractional distillation of coal tar : Fractional distillation of coal tar is carried out in a large 
iron vessel having an iron tube dipped into cold water. A thermometer is inserted into the 
iron vessel to record the temperature of distillation. Coal tar is distilled and the different 
fractions are collected at a different range of temperatures. Four main fractions are collected 
leaving behind a black residue called pitch which is mostly used in road surfacing. The 
following table shows composition of the fractions, their percentage and temperatures of 


fractionation. 
паран | Poel | Oey [nei 


Name of the Fraction 
upto 170°C "UM 0.97 | Benzene, Toluene, Xylene, 


Pyrrole, Pyridine., Thiophene, 
Phenol, Aniline, Cumene 

170° — 230°C peregi Phenol, Cresol, Napthalene 

230° — 270°C | 39 [ тоз | Cresol, Napihdlene, Quinoline. 


zt 
poe ee 
Carbazole. 
(5) Pitch 


Е ене ао 
[A] Isolation of benzene from coal tar : 


Residue 

(1) Collection of light oil. When coal tar is subjected to fractional distillation, the fraction 
obtained upto 170°C is called light oil, since itis lighter than water. It contains three main types 
of compounds. 

Neutral : Benzene, toluene and xylene. 

Basic : Aniline, pyridine, quinoline. 

Acid : Phenol. 

Beside these, light oil contains water and a sulphur compound thiophene. Light oil is 
coloured yellow and it is the main source of benzene. 

(2) Preperation of 90's benzol. 

(i) Light oil is again fractionally distilled and the fraction obtained at temperature above 
70°С is collected and those formed below 70°С are rejected. 

(ii) The liquid thus obtained is shaken mechanically, first with conc. H2SO, to remove the 
basic constituents like aniline, pyridine, quinoline etc., as soluble sulphates which form a 
separate layer in a large separating funnel. Neutral thiophene is converted into soluble 
thiophene sulphonic acid. 

(iii) The liquid is next mixed with 10% NaOH solution and mechanically shaken, as a result 
of which phenol and excess H,SO, are neutralised to form an aqueous layer which is separated 
by separating funnel. The aqueous heavy layer of bottom is rejected and the upper layer 
containing light oil is collected. 

(iv) By repeated washing with cold water the liquid is freed from alkali. 

(у) The washed light oil is dried and subjected to fractional distillation and the different 
fractions are collected. 

(a) The fraction that is collected between 70°C—110°C is called 90" benzol. Itcontains 84% 
benzene, 13% toluene and 3% xylene. Pure benzene andtolueneis recovered from this fraction. 

(b) The liquid fraction obtained between 1 10*C —140*C is called 50's benzol which mainly 
contains 46% benzene, toluene and xylene. Toluene is recovered from this fraction. 


(1) Light oil 


(2) Middle oil 
(3) Heavy oil 
(4) Green oil 
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(c) The fraction obtained between 140°C—170°C is called solvent naphtha which is mainly 
a mixture of xylene and cumene. 

(3) Fractional distillation of 90's benzol : 90's benzol thus obtained is again subjected to 
fractional distillation. The distillate obtained at 80°—82°C is collected which contains 99% 
benzene. To free it completely from impurities like toluene, benzene thus obtained is cooled in 
a freezing mixture when at 5.4°C benzene gets solidified and crystals of benzene separate out 
from other liquid impurities. The crystals of benzene are collected and adhering toluene is 
squeezed out by pressing. At room temperature, solid benzene is converted to pure liquid 
benzene. 

(4) Separation of thiophene from benzene : The benzene thus obtained is not 10046 pure. 
Itcontains traces of thiophene. Benzene is shaken repeatedly with cold and concentrated H,SO, 
when thiophene dissolves and thus gets separated from benzene. Benzene is then washed with 
water, dried by anhydrous CaCl, and again distilled, when benzene, free from thiophene is 
obtained. 

€ Benzene from coal tar : Schematic isolation : 


FRACTION obtained 
T above 70*C. which 
LIGHT OIL contains — 
COAL , ко Distillate _—_Distollation ^ , | (і) Neutral : Benzene, 
TAR j obtained Toluene, Xylene 
within 170°C (ii) Basic : Aniline, 
Pyridine 
(iii) Acidic : Phenol 
Shaken with 
сопс НО, 


Basic constituents are 
re 

Residue —Benzene, 
toluene, xylene, phenol) 
and excess of 

H,SO, 


[В] Isolation of toluene from coal tar : 

(i) Most of the benzene is recovered when light oil is fractionally distilled at 80°C — 82°C. 
The residue of 90's benzol is subjected to fractional distillation. The fraction obtained at 
108°C—110°C is mainly pure toluene. 

n (ii) 50's benzol also contains about 2596 toluene. When 50's benzol is fractionally 
distilled, most of benzene is distilled out at 80°C—82°C and the fraction obtained at 108°C to 
1 10°C contains most of the toluene. By repeated distillation of this liquid at 110°C pure toluene 
is recovered. 

[C] Isolation of phenol from coal tar : 

a) The distillate obtained by the fractional distillation of coal tar in the temperature range 
of 170 c — 230 Cis called middle oil which mainly contains phenol and naphthalene. Phenol 
content in the middle oil fraction is about 25 to 40%. On cooling, naphthalene crystallises and 
is separated from the solution. 


(ii) After separating naphthalene by filtration, the filtrate is heated with 10% NaOH solution 
whereby phenol is transformed into soluble sodium phenate. 


C«H;OH + NaOH ————> C,H;ONa + H,O 
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(iii) After removing other impurities, the solution is either shaked with conc. H,SO, or CO; 

gas is passed through the solution under high pressure whereby phenol separates out. 
С, H;ONa + H,SO, ——— С;Н;ОН + NaHSO, 
2СН;ОМа + CO, + HO — — 2C;H;OH + Na,CO, 

(iv) Phenol thus obtained is fractionally distilled and the fraction obtained at 180°—182°C 
is pure phenol. 

e BENZENE e 3 

Discovery : Benzene was discovered їп 1825 by Michael Faraday who isolated it from an oily condensate 
deposited from compressed illuminating gas. He called it carburetted hydrogen and proved that it contained equal 
number of carbon and hydrogen. In 1834 Mitscherlisch isolated it from benzoic acid by dry distillation with lime 
and coined the word Benzin. In 1845 Hofmann isolated benzene by the distillation of coal tar. 

Source : Coal tar is the chief source of benzene. Benzene is also present in petroleum. Trace quantity of 
benzene is present in coke oven gas. 

13.11. Preparation of benzene. 

[A] Preparation of benzene on large scale : 

(1) From coal tar : See page 396. 

(2) From petroleum : Natural petroleum contains aliphatic and alicylic compounds 
containing С, to C,, carbon atoms. This mixture in the vapour state when passed over catalysts 
like Pt—Al, Cr;O;, V;O; etc., at temperature around 500°C—550°C and high pressure (15 to 
20 atmosphere), is converted into benzene and other aromatic hydrocarbons. By fractional 
distillation these aromatic hydrocarbons are separated and by repeated distillation they are 
purified. Thus n-hexane produces benzene. The method involves dehydrogenations coupled 
with cyclisation. 


3 CH; З 
с C CH. CH 
T pm ems) 
ы 
н, CH, он; CH, 
Зоб с 
n-hexane Cyclo hexane benzene 


[B] Other methods of preparation of benzene : 

(1) From acetylene : When pure and dry acetylene gas is passed through hot copper tube 
at 600°C, three molecules of acetylene undergo polymerisation to form benzene. Copper acts 
as catalyst. 

ЗОН Os CGH 
Acetylene “ Вептепе 
(2) From benzoic acid : When sodium benzoate is subjected to dry distillation with soda 
lime (a mixture of dry NaOH + СаО), benzene is distilled out. 
NaOH 
C4,COONa —sgu ^ CH. + NaCO, 
Soda benzonate Benzene 

CaO keeps the mass porous so that heating is uniform. It also acts as a dehydrating agent. 

(3) From phenyl magnesium chloride (Grignard reagent) : Phenyl Mg chloride is 
warmed with dil НСІ to obtain benzene. 

C,H; MgCl ын CH, + MgCl 
Phenyl Mg chloride Benzene 
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(4) From phenol : Phenol on being distilled with Zn dust produces benzene. 


=> © + ZnO 


Phenol Benzene 
(5) From benzene diazonium chloride : When benzene diazonium chloride is warmed with 
hypophosphorous acid or sodium stannite, benzene is formed. 


C\HNs'Ch + НРО. + ЊО Ê, СН, + HCL + НРО, + N: 
Benzene diazonium Benzene 
chloride 
A 
C,H;N;'CF + Na,SnO, + NaOH ——————>С,Н„ + Na2SnO, + NaCl + № 


(6) From benzene sulphonic acid : Benzené results when superheated steam is passed into 
benzene sulphonic acid at 130°C—150°C in presence of conc. НСІ. 
CH SOH + ЊО —“S > CH, + HSO, 
Benzene sulphonic acid Benzene 
13.12. Properties of Benzene. 

(A) Physical properties : Benzene is a colourless mobile liquid having pleasant odour. 
It can be solidified by ice. The boiling point of benzene is 80.5°C and solid benzene melts at 
5.4°C. It is completely miscible with alcohol and ether but immiscible with water. It is highly 
inflammable and on burning deposits a large amount of soot. 

(B) Chemical properties : As already stated, the properties of benzene are quite different 
from other unsaturated aliphatic hydrocarbons. Despite the presence of three double bonds, 
benzene is unusually stable. Most of the reactions of benzene are of substitution type. 

(I) Electrophilie substitution reactions : 

(1) Halogenation : Yn absence of direct sunlight, when Cl; gas is passed through benzene 
in presence of halogen carrier, e.g., iron, iodine or Lewis acid catalyst like FeCl; , AICl;. chloro 
benzene is produced by the substitution of hydrogen atom by chlorine atom. The extent of. 
substitution depends on the amount of halogen used e.g., chloro benzene is formed when 
benzene is reacted with 1 mole of chlorine. If 2 mole of chlorine is used, then a mixture of o- 
and p-dichloró benzene is obtained where the latter predominates. 


cl 
© fagpr meon, © + HCI 


Benzene 1 mole Chloro benzene 
CI CI 
@ + 2C —— = ©" + © + 2HCI 
Benzene 2 mole à 
о- Chloro benzene p-Chloro benzene 


Similarly bromo benzene and o- and p-di bromo benzene are formed. 
e Mechanism : 
(a) Formation of the electrophile Cf ion. 


FeCl, z—— Cl + FeCl;‏ + ای 
(Catalyat)‏ 
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(b) Polarisation of double bond followed by formation of sigma complex. 


+ *H 
GRO 
Complex 


(c) Elimination of proton e leading to the regeneration of the inlet FeCl; 
+ 


а 
— + H 
с Complex Chloro benzene 
Hr FeCl7 — ——5 : HCI + FeCl, 
(Союуз) 


(2) Nitration : Benzene can be nitrated by heating benzene (50°—60°C) with conc. HNO; 
and conc H;SO,to produce nitrobenzene. 


02 


@ *HO—NO, | —^ + HO 


Benzene Nitro benzene 
Meta-dinitro benzene is formed if nitro benzene is warmed with fuming HNO, and conc. 
H,SO, at around 100°C. 


NO; . NO; 
+ HO-NO, 82 
NO; 
Nitro benzne m-Nitro benzene 


Since -NO, group deactivates the benzene ring, it is very difficult to prepare tri-nitro 
benzene from di-nitrobenzene. However if meta di-nitrobenzene is heated with fuming HNO; 
and fuming H.SO, at 120°C for 5—6 days 1,3,5-tri-nitrobenzene is formed. 


NO, NO, 
Fuming HNO, + H;SO, 
2 Е irs 4 ч, 
NO, Sdoys 120% ON ho. 


mrDi-nitro benzene 1,3,5 - Tri-nitro 


Benzene 
@ Mechanism of nitration : 


(i) Generation of the electrophile nitronium ion NO? Š 
NO, + 2H:SOy———> NOF + 2HSOi+ Н.О? 
(ii) Formation of с complex by the attack of NOYon polarised benzene nucleus. 


Hy NO ne NOR 


Db 4935017 


(iii) Elimination of proton to form nitro benzene and to regenerate the catalyst Н;5О,. 


H NO, 


NO. 
Formotion of product + HSO, — 0 + HSO, 
Niro benzene 


(3) Sulphonation : When benzene is heated with twice its weight of conc. H,SO, at 80°C 
on sand bath or with fuming НО, at 25° to 30°C, benzene sulphonic acid results. 


402 ELEMENTS OF CHEMISTRY 


SOH 
Qm Qe 
Benzene 
Bazes sulphonic acid 


However, at higher temperature ~ 225°C, in presence of conc. H SO; benzene sulphonic 
acid is converted to benzene meta disulphonic acid which at 300°C forms benzene 1,3,5 — 
tri-sulphonic acid. 


SOH SOH 
СопсН,50, Conc H,SO, 
& Or 
25°C SOH CESOS SOH 
‘Benzene Benzene meta Benzene 1 3,5 
sulphonic acid di-sulphonic acid tri-sulphonic acid 


€ Mechanism of sulphonation : 
(i) Here the electrophile SO; is generated by the decomposition of conc. H;SO,. 
2H,SO, === SO, НО" + HSO,7 
Attack in sulphonation takes place through S of SO; as this is highly positively polarised i.e., electron deficient. 
(ii) с complex is formed as usual. 


(iii) Proton is eliminated regenerating H;SO, and the desired product. 


H SO, SO, 
+HSO, = G + H,SO, 
SO," 3H 
+90" > + но 
Benzene sulphonic acid 


(4) Friedel Craft reaction : By far the most important reaction of benzene and other arenes 
is the Friedel Craft reaction, which is used to introduce alkyl or acyl groups in benzene and 
other aromatic hydrocarbons. Thus when benzene is warmed separately with methyl chloride 
or acetyl chloride or benzoyl chloride in presence of Lewis acid like anhydrous АІСІ,, the 
products are toluene, acetophenone and benzophenone respectively. 


CH; 
© «ca ae © wo 
Benzene Methyl chloride Toluene 
+ссосн; AS, OCH: | nc 
Acetyl chloride 
Benzene Acetophenone 


Q +сн;сос! Af, сосен, + HCI 
Benzoyl chloride 
Benzene 


Benzophenone 


AROMATIC COMPOUNDS 403 


Anhydrous AICI; is the common catalyst used in the Friedel Craft reaction. Other Lewis 
acids suchas BF;, FeCl;, SnCl,, SbCls, SnCl, etc., and protonic acids such as HF, HjSO,, HPO, 
etc., are used as catalysts in this reaction. 

Nitrobenzene and carbon di-sulphide are common inert solvent used in Friedel Craft 
reaction. During the alkylation of halo-benzene e.g., bromo benzene, benzene can not be used 
as a solvent as the latter will also be alkylated in addition to the alkylation of bromobenzene. 
Nitrobenzene does not undergo Friedel Craft reaction and hence is used as solvent in all F. C.R. 

The alkylating agents may be alkyl halides, aliphatic alcohols, alkenes, ethers and alkyl 
esters of organic and inorganic acids. 

The acylating agents may be acid chlorides or acid anhydrides or esters. 

Sulphonyl chlorides anid cyclic anhydrides take part in Friedel Craft reaction to form 
sulphones and aryl keto acids. 


НС -CH -CH; 

O э =т= = Ом 
Вептепе Isopropyl Isopropyl 
alcohol benzene 


(gr^ 


Ethylene Etheyl benzene 


e Mechanism of Friedel Craft reaction : 
Friedel-Craft reaction follows the same electrophilic substitution reaction involving the formation of electrophile, 


с complex elc., as mentioned earlier. 


(A) Alkylation : ГА; 
(a) r—d + ACh «== [R— == Alc] === ча. a АС” 


Ge =o 


н. p АІС im са АС + Hd 
(b) ROH + BO = [RE ,0— Bf, IL R + НОВ 
H 


зас" 


ii. a uo ТР вр: НО 


ор + sonnei C+ АС 


осн COCH; 
+ CH= бзге + H 


Acetophenone 
H + ye —————» АС + Hd 


(B) Acylation : 
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€ Drawbacks of Friedel Craft reaction : 

Friedel Craft reaction has a number of drawbacks. 1 : 

(i) Itis easy to introduce -CH3 ,-CzHs groups in the benzene ring but it is very difficult to introduce n-propyl, 
n-butyl groups in the ring since during alkylation rearrangement of the group occurs. Hence a mixture of isomeric 
compounds are obtained. АЮ, CH, 

СН, + СН.СЊСН СЇ ——————> C; HICH;CH;CH, + Снн < 
тргору! chloride mpropyl benzene CH; 
Iso propyl benzene (Cumene] 

This explains why R COCI is used in order to introduce long chain alkyl groups in benzene ring (the resulting 
ketone is reduced by Clemensen’s reduction process). 

(ii) Itis very difficult to stop the reaction at the required stage because, after the introduction of an alkyl group, 
the ring is activated (+l effect) ahd there is always a tendency to from polyalkyl benzene. Consequently, for the 
preparation of alkyl benzene e.g., ethyl benzene. Friedel Craft reaction is not good. 


CH 
сн, сњ a 
AKI, CHCI -C2H5 
GHO —— NEST EZ * 
B И 295 
Benzene Ethyl Chloride Ethyl benzene o-Diethyl Diethyl 
nzene тепе 


On the other hand in Friedel Craft acylation réaction, only опе асу! group in intoduced is е benzene ring 
as the acyl group decreases the reactivity of benzene ring. Consequently, after introducing the acyl group into 
the benzene ring, the keto group is reduced to get alkyl benzene by Clemensen's reduction process. 

(iii) Benzene ring containing meta owed group does not undergo Friedel Craft reaction. Thus, 


nitrobenzene, ace etc., do not undergo the Friedel Craft reaction. However, if an activating group is 
present in the above two compounds, then they undergo the Friedel Craft reaction. 
OCH; OCH; 
NO, HE 2 
+ CHCH ОН CH ———> 
CH(CHa)2 
o-Nitro anisole 2-Nitro-4-isopropyl anisole 


(iv) Benzoic acid can be prepared from benzene when carbonyl chloride is reacted with benzene by 
Friedel Craft reaction. 


Q асо SE Cr с [pes HCI 
2 


(II) Addition reaction — formation of addition compounds : 

(1) Chlorination : In presence of direct sunlight, chlorine reacts with benzene to form 
benzene hexachloride (BHC = an insecticide). Bromine forms benzene hexabromide but iodine 
is unable to form such type of addition compound. CHCI 
анс “ена 
CIHC CHCI 

vid 
Xefa 
Benzene Benzene hexa chloride 
Due to different arrangement of H and Cl on opposite sides of the plane of the ring, there 
H H can be number of stereo isomers, of them the Y-isomer is 
| commercially called gammexane or lindane and is used as insecticide 
ct PS and fungicide. The structure of gammexane is shown here. 

H (2) Hydrogenation : In presence of hot Raney nickel catalyst or 


d Н Ptcatalystbenzenereacts with hydrogento form alicyclic compound 
cyclo hexane. 


T3Cb су» 
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Кыш, ңеш б ce 
| [| + 3h o 4 | | i 
H—C с-н ~ ce 
SZ uc SH 
T ES 
н н н 
Cyclo hexane 


... (3) Ozonolysis : Although benzene does not decolourise pink colour of alkaline KMnO; , 
it reacts with ozone to form benzene tri-ozouide, the latter on hydrolysis with ice cold water 
and Zn dust, produces three molecules of glyoxal. 


RR. Tae. 
mA pono 
- fen 
ана "info. plum H—C=0) 
~ sies Im 
Benzene fi ozonide 


(III) Other reactions : 
(1) Combustion : Benzene burns with sooty flame to form CO, and steam. 
2С,Н, + 150, — ——7 12CO, + 6Н;О 
(2) Oxidation : The mixed vapour of benzene and O; when passed over finely divided 
V;O; at 500°С, maleic anhydride is formed. 


m Сн Со 
2 (9) +90, Уй», "91 So] + 4C0, +440 
CH—CO 


Benzene Maleic anhydride 
(3) Gattermann-Koch aldehyde synthesis : When a mixture of CO and НСІ vapour is 
passed under high pressure of 80-90 atmosphere into a solution of benzene dissolved in dry 


ether or nitrobenzene in presence of anhydrous AICI, mixed with a little CuCl, benzaldehyde 
is produced. In this reaction the formyl group -CHOis directly introduced into to the benzene ring. 


СО + НСІ евна d С=О 


H 
Formyl chloride 
CH, +.€l—C =O —— — C,H; CHO + НСІ 
jë Benzaldehyde 
(4) Gattermann aldehyde synthesis : -CHO group can also be introduced directly in the 


benzene ring by Gattermann reaction: The method consists in treating benzene with a mixture 
of HCN and HCl in presence of anhydrous AICI; or ZnCl. 


HCI + H—C=N A, H—N-CH 


СІ 
Imido formyl chloride 
АС, H:O 
СН, + Cl mf =NH e > C,H; CH = NH Sear C,H;CHO + МН; 
: H Aryl imine Benzaldehyde 


Nitrobenzene does not undergo this reaction. 
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(5) Chloro-methlylation : When benzene is heated with formaldehyde and НСІ in 
presence of anhydrous ZnCl, benzyl chloride is formed. Here one H atom of benzene is 
replaced by chloro-methyl group —CH,Cl and so the reaction is called chloro-methylation 


reaction. 
: ZnCl, 


C,H; CH,Cl + H,O 
Benzyl chloride 


e Uses of benzene : It is used (a) as a solvent for oils and fats, (b) for dry washing silk and 
woolen garments, (c) as synthetic liquid fuel by mixing with petrol, (d) for the manufacture 
of toluene, nitrobenzene, acetophenone etc., and other organic solvents. E 


CH, + CHO + НС 


e Different reactions of benzene : 
CL,/Fe 


Cl 
Mono chlorobenzene 
Conc. HNO; + 
H 
Conc. НО 50°C ME IO 

CHA een 

F.C.Readion Toluene 
CH.COCI/AIch | сосн 

F. C. Reaction jS 


cocl, 


но 
СеН:СОСІ ——юг > СеН:СООН 
AICI, F. С. React. Benzoyl chloride Benzoic acid 
© Conc, H2SO, GH;SO;H 
Benzene sulphonic acid 


BENZENE 
СНО 


Benzene tri ozonide 


Maleic anhydride 


СН 


Cydo hexane 
АСЬ, CuCl 


HCN + HCl 


CsHsCH,CI 
Benzyl chloride 


AROMATIC COMPOUNDS 407 


© Comparison of the properties of ethene and benzene : 


Property 


Ethene (СНІ) 


Benzene (C.H) 


. Nature 
. Combustion 


. Reactivity 


. With conc. H;SO, 


. With conc. 
HNO; 


. With Br, water 


. With KMnO, 


. Friedel Craft 
reaction 


. With ozone 


. With H, 


A colourless gas with a faint sweet smell 
an unsaturated aliphatic hydrocarbon. 

It burns with a liminous flame giving СО, 
and H,O. 

Highly reactive. 

At room temperature it forms addition 
reaction, the product is ethyl hydrogen 
sulphate. 

CH, = CH, +Н,5О, > CH,- HSO, 


lt is oxidised to СО). 


When CH, is passed into Br, water at 
room temperature the red colour is dis- 
charged to form colourless ethylene 
dibromide. C,H, + Вг, С,Н,Вг, 
Elhylene reacts with alkaline KMnO, at 
room temperature to form ethylene glycol 
and the pink colour is discharged. 
CH, + HO + O Mes, 

CH,OH —CH,OH 
It does not respond to Friedel Craft reac- 
tion. 


It forms ethylene ozonide. 


In presence of Ni or Pt catalyst it is 
easily hydrogenated to form saturated 
hydrocarbon ethane. 

CH, +H, > CH, 


A colourless liquid with a characteristic 
smell —a typical aromatic hydrocarbon. 
It burns with sooty flame and forms CO, 
and H,O. 

Comparatively unreactive. 

No reaction at room temperature. On 
heaing it undergoes electrophilic substitu- 
tion reaction to form benzene sulphonic 
acid. 


CH, + H,SO, = CH, SO,H 
In presence of conc. H,SO,, benzene 
forms nitrobenzene. 


C,H, + HNO, 10 


CH, NO,« HO 


Does not react with Br, water. 


Does not react — no change of colour. 


Itresponds to Friedel Craft reaction. Alkyl 
and acyl groups are directly introduced 
in the benzene ring. 


It forms benzene tri-ozonide. 


Under high temperature and high pres- 
surein presence of nickel catalystit forms 
cyclohexane. : 

CH, + ЗН, 2 CH; 


e TOLUENE OR METHYL BENZENE e 


Toluene is present in coal tar. Small quantities of toluene also occurs in petroleum. These 
two are the main sources for commercial manufacture of toluene. It was first obtained by the 


distillation of "Tolu balsam”. Hence is the name toluene. 


13.13. Preparation of toluene. 


(1) From coal tar : Already discussed in page 398 
(2) Wurtz—Fittig reaction : Tolueneis obtained when metallic sodium is added to a mixture 
of methyl bromide or methyl iodide and bromobenzene in dry ether .solvent. After the 
completion of the reaction, itis filtered and the filtrate is fractionally distilled to obtain toluene. 


с] -CH. 
© э МВ СН 5 © 3 + 2NaBr 


Bromo benzene 


lodo 


Methyl bromide 


(500 


Toluéne 


Е : СН. 
© (0) > + 2Nal 


Methyl iodide 


Toluene 


408 ELEMENTS OF CHEMISTRY 


Procedure : The apparatus consists of a round bottom flask 
l:lBromo fitted with a condenser. To the other end of the condenser a 
mene + dropping funnel is attached vertically. The flask is kept in cold 
B - ^ water and contains afew pieces of metallic sodium and absolutely 
E ا‎ dry ether. A mixture of 1 $ 1 bromobenzene and methyl bromide 
is added drop by drop from the dropping funnel and the flask is 
shaken. The reaction is highly exothermic and as a result the 
mixture starts boiling. It is cooled by keeping under cold water. 
Condenser When the reaction is complete, the liquid is subjected to 
fractionation when toluene is recovered: 
(3) Friedel - Craft reaction : One of the best convenient 
: methods of preparation of toluene is Friedel-Craft reaction. It is 
Na+ether formed on heating .. nixture of benzene, methyl chloride and 
anhydrous АІСІ,. When the reaction is complete, the mixture is 
old water cooled in ice cold water, the unreacted benzene solidifies but 
: toluene remains as liquid. Itis filtered and the filtrate on distillation 
Fig. 13.1 : Preparation of toluene yields pure toluene. 


CH 
(9) RL ck aa ek odi © на 


Benzene Methyl chloride Toluene 
(4) From Grignard reagent : Toluene is formed when a mixture of phenyl magnesium 
iodide and methyl iodide is dissolved in dry ether and refluxed. At the end toluene is recovered 
by distillation. 


CH,MgI + CH D CHCH, + Mel, 
Phenyl Mg ' Methyl iodide Toluene 
iodide 
Again Benzyl magnesium chloride on being hydrolysed by dil HCI yields toluene. 
C,H, CH, MgC —SIHC, CH Сн, + MgCl, 
Benzyl Mg chloride Toluene 
(5) From petroleum : Toluene can be isolated commercially from petroleum like benzene. 
Normal heptane is recovered from petroleum fractions—gasoline and naptha. This normal 
heptane is passed at high temperature over catalysts like oxides of chromium, molybdenum, 


vanadium or a mixture of Pt-Al,O,. Dehydrogenation and cyclisation leads to the formation of 
toluene as shown: below : 


$ т 
CH; CH CH; 
р 

i 2 PI—ALO; E їй PI-ALO, 
CH, -H; CH; —3H; 
p 4 
CH, CH, 
Methyl cyclohexane Toluene 


: (6) From tolueic acid : Sodium salt of ра!“ tolueic acid on being subjected to dry 
distillation with sodalime yields toluene. 


Hs сњ 
© арс, 
COONa 


Sod. salt of para tolueic acid Toluene 
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(7) From p-toluedine : p-toluedine, on diazotisation and heating with H;PO2 yields toluene. 


CHa CH; CH; 
© = 0-2-6 
oc HPO: 
М. М= ма 
p Toluedine Toluene 


13.14. Properties of toluene. 

(A) Physical : Toluene is a colourless liquid having a characteristic smell, b . p. = 1 10°C. 
It is insoluble in water and lighter than water. It is soluble in alcohol and ether. It behaves like 
benzene in its chemical reactions. 

(B) Chemical : Toluene contains both benzene ring and side chain -CH, group. The 
nucleus of toluene shows electrophilic substitution as well as addition reaction like benzene. 
The side chain remains unreacted during these reactions. Sometimes toluene shows reactions 
of side chain when the nucleus of benzene ring remains unaffected. 

(1) Chlorination of toluene : Toluene undergoes two types of chlorination— (a) nuclear 
chlorination and (b) side chain chlorination. 

(a) Nuclear Chlorination : When Cl, gas is passed into cold toluene in presence of halogen 
carrier like FeCl,, І, or iron fillings, it undergoes nuclear electrophilic substitution reaction, 
whereby the hydrogen atoms of the benzene ring are substituted by chlorine atom to form ortho 
and para chloro toluene . 


CH, сн, CH, 
FeCl, 
+c, چ ب‎ + 
a 


Toluene « Chloro toluene p-Chloro toluene 
- (b) Side chain chlorination : In presence of direct sunlight, when Cl, gas is passed into 
boiling toluene, in the absence of halogen carrier, hydrogen atoms of side chain (-CH, group) 
are replaced by chlorine atom one by one giving rise to benzyl chloride, benzal chloride or 
benzylidene chloride and finally benzo trichloride. 


сн, сн,а 
© + Cl —dQgc— © + HCI 
Toluene Benzyl chloride 

сна CHCI, 


(OJ (9). = 


Toluene Benzal chloride or 


Benzylidene chloride 
CHCl, CCl, 
110°C 
+a, ج لے‎ + HCI 
Toluene Benzo-tri-chloride 
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е Hydrolysis of chlorides : 
(a) Benzyl chloride on being warmed with dil. NaOH or lime water undergoes hydrolysis 


(nucleophilic substitution reaction) with the formation of benzyl alcohol. 
HCl CH,OH 


+ NaOH ——> + NaCl 


Benzyl chloride Benzyl alcohol 
(b) Benzal chloride under the same experimental conditions forms benzaldehyde. 
OH и 


CHCl, 


"a H—C—O 
HO 
+ Ca(OH), —» aay aia 


Benzal chloride Benzaldehyde 
(c) When benzo-tri-chloride is warmed with lime or boiled with water at 150°C, benzoic 


acid is formed. ie 
1, Ho—d—oH HO— C—O 


во H0 

+ Ca(OH) DIG 

Benzo їп chloride Benzoic acid 

ө Difference between nuclear halogen and side chain halogen : The halogen attached to 
the benzene nucleus is inactive and so chloro-toluene when boiled with AgNO, soln. white ppt. 
of AgCl is not obtained. On the other hand the Cl-atom of side chain is active and consequently 
compounds obtained by side chain chlorination when treated with AgNO, soln. yield white ppt. 
of AgCI. 


a cua 
AgNO, FAUT AgNO, 
———> No ppt. is obtained © -rr og” AgCl} 
© C;HOH CHOH” White po 
Chloro benzene Benzyl chloride 


(2) Oxidation of Toluene : On oxidation, the side chain -CH; group is oxidised. 
Depending on the nature of oxidising agent, -CH, group is oxidised either to aldehyde 
group (—CHO) with the formation of benzaldehyde or to—COOH group with the formation 
of benzoic acid. " 

(a) When toluene is warmed with MnO, and moderately conc. H3SO, at 40°C benzaldehyde 
is produced. 

СН;СН, + 2MnO, + 2H,SO, > C4H,CHO + 2MnSO, + 3H,O 
Toluene Benzaldehyde 

(Б) In the above reaction, if the acid is concentrated and the temperature is high, the product 
is benzoic acid. Benzoic acid is also formed when toluene is heated with alkaline KMnO, or a 
mixture of K,Cr;O; and conc. H,SO,. 


CH, соон 
© a © 
—M Aa. 
KMnO, + NaOH 


Toluene Benzoic acid 
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(c) Etard reaction : Toluene when oxidised by chromyl chloride dissolved in CS, or CCl, 
at ordinary temperature, a complex is formed which on hydrolysis produces benzaldehyde. 
This is known as Etard reaction. 


н, HO 
pasa уш шшш + H,O 
сох 
Toluene Benzaldehyde 


(d) A solution of chromic acid in acetic anhydride oxidises toluene into benzaldehyde 
which is immediately converted into benzylidene di-acetate. This is hydrolysed by dil. H,SO, 
when benzaldehyde is released. The formation of henzylidene di-acetate.prevents the oxidation 
of toluene to benzoic acid. 

сю, r 
CHCH: peoo” CHÇH - OCOCH, od C4H.CHO + 2CH,COOH 


(CH3CO),0 
Toluene OCOCH; Benzaldehyde ^^ Acetic acid 


Benzylidene 
di-acetate 


(e) When a mixed vapours of toluene and air is passed over У;О; (catalyst) at 300°C, it is 
oxidised to benzoic acid. 
2C,H,CH, + 30, 25-5 2¢,H,COOH + 2H,0 
300°C 
Toluene Benzoic acid 


(3) Hydrogenation : Melhyl cyclo hexane is formed when a mixture of vapours of toluene 
and hydrogen is passed over finely divided nickel catalyst at 180°C—200°C. 


сњ 
CH; ён 
Ni Cat HC Сн; 
$ ois 130°C Hc CH; 
Кг 


(4) Synthesis of benzene : When the mixed vapours of dry hydrogen and toluene is passed 
over a catalyst consisting of ‘CrO; and ALO; at 550°C and 50 atmosphere pressure , «CH; 
group of toluene is replaced by hydrogen atom to form benzene. 


CH; 
@ + Н, NAE Q + CH, 
550%, 50от 
Toluene Benzene 


(5) Nitration : A mixture of conc. HNO; and conc. H;$0, reacts with toluene to form 
ortho and para nitro toluene which can be separated by iere distillation under reduced 


pressure. CH; 
H550, 
© t HONO TTO Mo J On © 


NO; 
Toluene o-Nitrotoluene — p-Nitro toluene 
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On prolonged nitration by this mixed acid, a pale yellow coloured crystal known as 2, 4, 
6-tri-nitro toluene (T.N.T) is produced. T.N.T is used as an explosive. A mixture of NH,NO, 
and T.N.T is used as an explosive under the name “amatol”. 


CH, CH, 
но, №; O, 
OHNO eames + 3H,O 
\ 
Toluene NO. 


(6) Sulphonation : On being heated with conc. H,SO,., toluene forms a mixture of ortho and 
para toluene sulphonic acid. At low temperature ortho isomer predominates while at higher 
temperature para isomer is the major product. 


cH, сн, сн, 
SOH 
Озе Qr" © 
5 


Toluene SNR 
* oToluene sulphonic acid ^ p-Toluene sulphonic acid 


(7) Friedel Craft reaction : When toluene is mixed with CH,CI and anhydrous AICI, and 
distilled, ortho and para xylene are obtained. 


CH, CH, CH, 
AlCl, H 
cm Qn «(9 
Toluene o-Xylene CH, 
Some Conversions : p-Xylene 
(1) Toluene and benzoic acid from benzene : 
CH, COOH 
сну (i 
© dy AK, > © N77 d © 


Benzene — Toluene Benzoic acid 
When acetyl chloride is used in place of CH,Cl, ortho and para methyl acetophenone are produced. 


CH, CH, CH, 
CH,cod OCH, 
A, t 


(2) Benzene from toluene : сосн, 
CH, COOH COONa CH, 
[0] моон Sodalime сну 
Оно) COE OE 
Toluene Benzoic acid Benzoate Benzene Toluene 


(3) (i) Benzyl alcohol and benzaldehyde from benzene : 
CH,OH о 


CH, СН; CH 
О су 1 Mol Cl, NaOH о, 
АЙ, noc > mE "Ooc? 


Benzene Toluene Benzyl chloride Вепғу! alcohol — Benzaldehyd 
|. HCl, HCHO, ZnCl, 7 ас уе 
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(4) Toluene from benzyl alcohol : 


CH,OH COOH COONa CH, 
10] NaOH Sodolime CH 
KMnO, Heat. Em 
Benzyl alcohol Benzoic acid No-benzoate Benzene Toluene 
(5) (i) Benzaldehyde from benzene, (ii) Toluene from benzoldehyde. 
CH; CHO CH; 
(5) CH © сюуа, © ан 
АС, са, Тана 
Benzene Toluene Benzaldehyde Toluene 
(6) Benzyl alcohol, benzoic acid, toluene from benzene. 
CH; CHCI CH,OH COOH CH; 
сну Boiling Ca(OH); 10] NaOH сну 
АС, T Mol KMnO, CaO Нед AICI, 
Benzene Toluene Benzyl Benzyl Benzoic Benzene Toluene 
chloride alcohol acic 


6 Conversion of toluene into saccharin : 
Saccharin (ortho-sulpho benzoic imide), a sweelening agent used by diabetic patients, can be obtained by 
treating toluene with chloro sulphonic acid when ortho ond para-toluene sulphonyl chlorides are produced at 


lower temperature. CH; CH; Н, 
сюн or^ 
I A o» ч. 
SO;Ch Е 
Toluene c-toluene sulphonyl prioluene sulphor 
chloride (85%) chloride 


Ortho isomer is a liquid while the para isomer is solid. Hence by filtration they are separated. The ortho isomer 
is then treated with NH, when ortho toluene sulphonamide is produced. This on oxidation with alkaline KMnO4 
followed by heating yield saccharin. T 


CH; CH; COOH f 
501 Үй. SONH? SONH: бы 
ب‎ S? d ——* NH 
KMnO, ^ 224 
o-Toluene o Toluene o-Sulphamide о©`*о 
sulphonyl chloride sulphonamide benzoic acid Saccharin 


© Conversion of toluene into chloramine-T : 

Chloramine -T is used in medicine as an antiseptic. It is obtained from p-Toluene sulphonyl chloride 
as obtained above. It is treated with NHs when para-toluene sulphonamide is produced. This on treatment 
with NaOCl yields chloramine-T. Chemically chloramine -T is sodium salt of N-Chloro-para toluene 


sulphonamide. CH; CH; CH; 
Мосс! 
г ММ, cupi NaOH 
50:4 SONH: SONCI No't 
toluene sulphonyl toluene Chloramine-T 
d chloride sulphonamide 


ө Uses of Toluene : Toluene is used—(i) as an industrial solvent, (ii) in the manufacture 
of explosives like T.N.T. drugs and dye stuffs, (iii) in the manufacture of saccharine, 
Chloramine - T, printing ink, (iv) with petrol and benzene it is used as an anti freeze, (v) with 


benzene, it is used in the dry washing of silk and woolen garments. 
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€ Reactions of toluene : 


Substitution 
reaction in 


а T 
* 
Ortho chloro toluene 


nzene 
nucleus Para chloro toluene 
Hs Hs 
Conc. HNO; 
Cone. H2504 + 
о-піго toluene NO, 
prnitro toluene 
Ha . CH; 
Conc. 16 SOH 
HSO, ы 
toluene sulphonic acid SOH 
CH prtoluene sulphonic acid 
3 
Ha 3 
сња „СНз 
АС, n 
TOLUENE one d 
p-xylene 
COO 
[O] Soda lime 
B+ CS 
Benzoic aicd Benzene 
CHO 
(е өлең 
A 
Benzaldehyde 
COOH 
[O] 
УО», 300°C 
Benzoic acid 
cH. CHCl, Cch 
E Ch > CaN cogs 
boiling toluene 7 
Benzal Benzo 
chloride chloride trichloride 
Ca(OH), Ca(OH), Ca(OH), 
A А A 
5 CHO COOH 
Benzyl Benzoi 
alcool ерган аг 


AROMATIC COMPOUNDS 415 


@ Distinctive reactions of benzene and toluene : 

(i) When toluene is oxidised by alkaline KMnO,, the pink colour is discharged and a solution of potassium 
benzoate is obtained. After cooling the salt is treated with dil HCl, when white precipitate of benzoic acid is 
obtained. 

(1) Benzene on the other hand does not decolourise the pink colour of alkaline KMnO, and no precipitate 
of benzoic acid is formed. 

ө On passing Cl; in presence of sunlight through an organic compound (A) of molecular formula C,H. yields 
a compound (B) of molecular formula C;H;Cl;. When the compound (В) is treated with Ca(OH), yields a 
compound (C) of molecular formula С;Н;О». (A) on being oxidised by K;Cr;O; and conc. H;SO, yields (C). 

(o) Identify (A), (B) and (C). Explain the reactions. 

(b) How would you synthesise the compound (A)? 

(9 What happens when Cl, is passed through (A) in presence of Fe fillings ? 

Ans. The molecular formula of (A) is C;Hs which shows that it is an aromatic hydrocarbon. As it has got 
1 carbon atom in excess than that of benzene, consequently the compound must be the next homologue of 
benzenei.e., toluene. On passing Cl through (A) yields a compound (В) of molecular formula C;HsCl;, this shows 
that the ЗН atoms in the side chain of toluene are replaced by 3 Cl atoms with the formation of benzo-tri-chloride. 
So the compound (B) is benzo-tri-chloride. 


‘Sun light 


C4HsCH; + 3С, > CHsCCl + 3HCl 
Toluene Benzo-tri-chloride 


Benzo tri chloride on being hydrolysed by Са(ОН) yields benzoic acid whose molecular formula is C;H4O: 
(CsHsCOOH). Hence the compound (C) is benzoic acid. 
li) Ca(OH); 
CHsCCl нањ” С,Н,СООН 
Benzo tri chloride Benzoic acid 
NO; 


e NITRO BENZENE [C,H;NO,] e 


The compounds which are formed by the replacement of one or more БЫШ, atoms of the benzene 
ring by nitro (-NO,) group or groups are called aromatic nitro compounds. The simplest member of this 
class is nitro benzene which is produced by the replacement of one H-atom of the benzene ring by a -NO, 
group. 
13.15. Preparation of nitro benzene. 

(1) Laboratory method : 

[A]Principle: Nitro benzeneis obtained by the action ofamixtureof conc. HNO; and conc. 
H,SO, on benzene at 50°C—60°C. Conc. HSO; absorbs water formed as a product. At higher 
temperature meta dinitro benzene is formed instead of nitro benzene. 


NO, 
Q + HO—NO, 59, „ШО 
Вептепе Nitro benzene 


[B] Procedure: (i) The acid mixture is prepared by mixing 2 parts by weight of conc. HNO; 
and 3 parts by weight of conc. H,SO, and cooling the mixture under tap water. i 

(ii) Pure benzene is taken in a round bottomed flask and the acid mixture is added in small 
portions to it. The flask is well shaken after each addition. Heat is produced and so the flask 
is cooled under tap so that the temperature must not exceed 50°С. 
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(iii) After complete addition of the acid mixture, the flask is fitted with an air 
condenser and is heated on water bath for about half an hour at 55°С—60°С shaking well 
at intervals, 

(iv) The contents of the flask is then allowed to cool and then 

itis poured intoaseparating funnel and the mixture is shaken well. 

Air Two layers are separated — the lower layer being unreacted acid 
Condenser mixture and the upper layer being nitrobenzene. 

(у) It is mixed with excess of water and is shaken vigorously 
in the same separating funnel. Two layers are separated — the 
lower layer being nitrobenzene. It is taken out of the funnel, 
washed with water and sodium carbonate solution to remove the 

Benzene 4 acid. It is washed again with water and separated from water in a 
A Acid mixture Separating funnel. 

Water bath [C] Purification : Nitro benzene freed from acid is mixed 
with fused calcium chloride to remove water and then it is 
distilled in a flask fitted with air condenser. The fraction which 
distills between 208°C — 210°C is pure nitro benzene. 

[N.B. During the nitration of benzene, temperatue must not exceed 60°C, 
otherwise meta-dinitro benzene will be formed.] 

e Nitrating agents : Besides the mixture of conc. HNO and conc. 
H;SO, the other nitrating agents are — 


Fig. 13.2 : Preparation of 
nitro benzene 

(a) Concentrated HNO; of specific gravity about 1.5. 
(b) Fuming nitric acid (Containing 6 -12% NO»). 

(c) Nitronium tetra fluoroborate. 


NO; 
INO; (ВР) 
jui © + BR, + HF 
Nitro benzene 


(d) Acetyl nitrate. This is however some what dangerous to use as it tends to explode when heated. 


NO; 
(9) + CH,COONO, ——> © + СНСООН 


Mechanism of nitration of benzene has already been discussed under benzene. 


(2) From diazonium salts : Benzene diazonium chloride when reacts with HNO, [NaNO, 
* dil HCI] in presence of Cu;O produces nitro benzene. 
HNO; 


CHN = NCI e, CHNO, + № + HCI 


Benzene diazonium Nifo benzene 
chloride 


(3) From Aniline : Aniline when oxidised by tri fluoro per acetic acid NH: group is 
directly oxidised to NO: group. 
C,H;NH, + 3CF,COOOH > CHNO, + 3CF,COOH + HO 
Aniline Tri-fluoro per acetic acid Nitro benzene 
13.16. Properties of nitro benzene. 
[А] Physical properties + Nitro benzene is a light yellow liquid, having pungent smell, 
boiling point = 211°C. Itis commonly called oil of mirabane. On cooling, it solidifies whose 
' melting point is 5.8°C. It is heavier than water and immiscible in it. The vapour of nitro benzene 


is poisonous. Itis soluble in organic solvents like ether, alcohol etc. The density of nitro benzene 
is 1.20. 
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[B] Chemical properties : Nitro benzene is a stable compound, not easily attacked by acids 
or alkalies but it is easily reduced. 

(1) Reduction of nitro benzene : Various reduction products of nitro benzene, depending 
upon the nature of reducing agent and pH of the medium are known. 

(a) Reduction in acid medium : When nitro benzene is warmed with Sn and conc. HCl or 
Zn dust and conc. HCl or Fe powder and conc. НСІ, it is reduced directly into aniline. The 
nascent hydrogen produced in the reaction actually reduces nitro benzene to aniline. 


Zn + 2HCl = ZnCl, + 2H; Sn + 2HCI = SnCl + 2H; Fe + 2НС1 = FeCl, + 2H 


NO; вн] n E 
Sn/HCI 22 


. ,Nito benzene _ ‚ Aniline / 
(b) Reduction in weakly acidic or neutral medium: When nitro benzene is warmed with zinc 


dust and an aqueous solution of NH,Cl, it is reduced into N-phenyl hydroxyl amine. 


H 
xo LH | 
2 Fae N—OH + H;O 


Nitro benzene N - Phenyl hydroxyl amine 


(с) Catalytic hydrogenation : When a mixture of vapours of nitro benzene and hydrogen is 
passed over hot Raney nickel catalyst, it is directly reduced into aniline. 


NO; NH; 
© 7 © + жо 
Aniline 
(d) Electrolytic reduction ; Electrolytic reduction in weakly acidic medium yields aniline. 
NO; NH; 
© А Е а © + 290 
Nitro benzene Aniline 


When electrolysed in strongly acidic medium using nickel electrodes, the final product is 
p-amino phenol obtained by the intra-molecular rearrangement of N-phenyl hydroxylamine 


obtained initially. No, NHOH NH; 
intro-moleculor 
+ AH + ج‎ = 
OH 
Nitro benzene N-Phenyl p-Amino 
hydroxyl amine phenol 


(е) Reduction in alkaline medium : Depending upon the nature of reducing agent, three 
products—azoxy benzene, azobenzene and hydrazobenzene are formed in alkaline medium. 
(i) Nitro benzene is reduced to azoxybenzene when warmed with powdered Zn and NaOH 


dissolved in methanol. 


Nitro benzene Azoxy benzene 
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(ii) Azobenzene is formed when nitro benzene is reduced with Zn dust and concentrated 


methanolic NaOH solution. 
Zn-2NaOH — Na,ZnO,+2H 


N == № fn N=N HO 
Ь Zn/methonolie МООН á 


Атоху iie Azo benzene 
(iii) In presence of Zn dust and hot aqueous NaOH solution hydrazobenzene is produced. 


Zn + 2NaOH = Na;ZnO; + 2H 


NO, ў H 
E | 
2 [OH] N—N 
Zn/NaOH 
Nitro benzene Hydrazo benzene 


@ Selective reduction of nitrobenzene : 
When benzene ring contains 2 or more nitro group, the reduction by Sn and conc. HCI will convert all the 


-NO, groups into corresponding -NH3 group. 


NO; NH; 
б„—=— © 
мо SAE NH; 
m-Dinitro m-Phenylene 
benzene diamine 


Now, if we want fo reduce one nitro group of m-dinitro benzene, the reducing agent to be used is either 
(NH,), S or sodium hydro sulohide (NaSH). 


NO; NO; 
NoSH 
EY 
NO; NH? 


m-Dinitro m - Nitro aniline 
benzene 
(2) Halogenation : Nitro group is meta directing group. Hence all the electrophilic 


reactions of nitro benzene yield meta isomer. 
(i) Chlorination : When СІ, gas is passed into hot nitrobenzene in presence of iron powder 


meta chloro nitrobenzene is produced. 
NO; NO; 


Fe powder 
© + Ch E c WI d d * Hd 


m-Chloro nitro benzene 


(ii) Bromination : Similarly meta bromo nitro benzene is produced when bromine reacts 
with nitro benzene in presence of iron powder. 


(3) Nitration : When nitro benzene is heated with a mixture of conc. HNO; and conc. H,SO, 
at 60—100°C, meta di-nitro benzene—a deep yellow liquid is formed. 


NO; NO; 


Conc. HNO, + Conc. eee NCS HOTT 
акс “л” NO ^ 


Nitro benzene m-Di-nitro benzene 
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(4) Sulphonation : On being heated with fuming sulphuric acid it is converted into meta 
nitro benzene sulphonic acid. 


NO, NO, 
Он.нбоу d | rs H70 
S0,H 
m-Nitro benzene 
sulphonic acid 


- e Nitro-group is meta orienting towards electrophilic substitution reaction but it becomes op orienting 
towards nucleophile. This can be explained by considering the following resonating structures of nitro benzene 
which shows its withdrawal of electron from ortho and para positions of benzene nucleus. Meta position becomes 
neutral i.e., meta position becomes more electron rich than ortho and para position. 

3 mM n en g 87 + 6 
оС om 07-0 Ge EO ORD 


55-0 0-5 


Resonance hybrid 
This explains why nitro benzene when reacts with KOH in presence of air forms ortho and para nitrophenol. 
Here the atacking species is OH, a nucleophile. 


NO; NO; NO; 
О == Qe". 
Аг 
он 
Nitro phenol p'Nitro phenol 


ө Identification of nitro group in aromatic compounds : 

(i) Any organic aromatic nitro compounds, when heated with a KOH solution, the colour 
of the solution becomes deep yellow. 

(ii) Reduction, diazotisation and coupling reaction : The compound containing -NO; 
group is boiled with tin and conc. НСІ till the compound dissolves. It is cooled and is added 
a pinch of NaNO, at 0—5'C. This diazotised solution is now added to alkaline solution of B- 
naphthol (beta naphthol) at 0-5°C. A scarlet red dye confirms the presence of -NO, group. 


6 O22 O So" 


So/HCl 

Nitro benzene Aniline Benzene diazonium Red azo dye 

chloride 

(iii) The above test can not be regarded as a confirmatory test if the benzene ring already 
contains an amino group —NH, as in nitro aniline, since -NH group also undergoes 
diazotisation and coupling reaction. 

Hence in that case NO, group is confirmed by Mulleken-Barker test. The compound is 
warmed with zinc dust and an aqueous solution of NH,CI. After cooling, itis filtered and to the 
filtrate is added Tollen's reagent. Formation of a white or grey precipitate of metallic silver 
confirms the presence of -NO, group. 


H 
Cy orm me 
N-Phenyl hydroxyl amine 
CH.NHOH зунун, > 248 + CHNO + ЊО 
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€ Uses of Nitro benzene : 

(1) Previously nitro bezene was used for the manufacture of cheap quality soap to provide 
fragrance but in view of its toxic property this use has been totally banned. 

(ii) It is used as high boiling solvent in organic synthesis. 

(iii) It is used in the preparation of shoe-polish, benzidine, aniline and different azo dyes. 

(iv) It is also used as an oxidising agent in the preparation of quinoline. NH 


€ ANILINE OR AMINO BENZENE ө (О) 


When amino group (-NH,) is directly attached to the benzene ring, the compound formed 
is called amines, Like aliphatic amines, aromatic amines are also of 3 types—(i) Primary, 
(ii) Secondary and (iii) Tertiary. Aniline or amino benzene or phenyl amine is the simplest 
member of aromatic amines. 


CoHs 
C,Hs—NH> Era CH N CEH 
H3 
Aniline, 1° amine Diphenyl amine, 2° amine Dimethyl aniline 3° amine 


13.17. Laboratory method of preparation of aniline. 

[А] Principle : In the laboratory, aniline is prepared by the reduction of nitro benzene by 
nascent hydrogen formed by the interaction between [їп and conc. HCI in hot condition. 
Aniline hydrochloride thus formed is hydrolysed by concentrated caustic soda solutions to 
form aniline. 


No» ИН; NHHCI Мн; Ё 
Li на NoOH 
Sn HCl ET ? + NaCl + HO 
Nitro benzene Aniline Aniline hydro chloride Aniline 


[B] Procedure : About 25 g of nitro benzene and 50 g 
of granulated tin are taken in around bottomed flask fitted 
with a reflux condenser. To this mixture about /00 ml of 
conc. HCl is added, the addition is done in small amounts 
at a time (say 25 ml). The flask is shaken thoroughly— 
reaction starts immediately and as the reaction is exothermic 
the flask becomes hot. Consequently, the flask is cooled 
under tap water so that the temperature should not exceed 
CHINO, + 90°C. When the addition of HCl is complete, the flask with 
Sf cone HGH reflux condenser is heated on a water bath till nitro benzene 
and its smell disappears indicating the completion of 
reaction. Aniline thus produced reacts with НС1 to form 
soluble aniline hydrochloride. The flask is then cooled and 
a strong solution of NaOH is added to make it distinctly 
alkaline (use litmus paper). Aniline thus liberated floats 
on the aqueous layer as a brown oil. 

А Steam distillation : Impure aniline is separated from 
Fig. 13.3 : Preparation of aniline. фе aqueous solution of NaOH. Now steam is led from the 
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boiler into the impure aniline taken in a round bottomed flask and steam is passed through it. 
On being heated by steam, the mixtufe of aniline and steam comes out of the flask. It is 
condensed when the mixture is 
passed through a condenser. 
The distillate is collected in the 
flask which forms two distinct 
layers—water and aniline. 


The mixture is then taken 
in a separating funnel and 
common salt is added to it. 
Aniline is separated from the 
mixture and is extracted with 
ether. It is dried over solid 
KOH and ether is distilled off. The dried aniline is next distilled at 181°—184°C when pure 
aniline is obtained. 

е Other methods of preparation of aniline : 

(i) From chlorobenzene : Aniline is produced when ammonia reacts with gaseous 
chlorobenzene at 250°-300°C under high pressure in presence of anhydrous Cu,Cl,or Cu,0 


catalyst. сыс, 
СН;С1 + 2NH3 950300" C4HSNH, + NH,CI 


Chlorobenzene Aniline 
(ii) From phenol : Aniline is formed when phenol reacts with NH, at 300'C in presence 
of anhydrous ZnCl. 


CHOH + NH; ag CALNE: + ЊО 


Mixture of water 
у &aniline 
м \ 


Fig. 13.4 : Steam distillation of aniline 


rovs 
Phenol ZnCl, Aniline 
Gii) Hofmann reaction : Benzamide when reacts with Br, and KOH produces aniline. 
Brz + KOH 
CHCONH, ~> CHNH 
Benzamide Aniline 


(iv) From benzene : Benzene reacts di rectly with hydroxylamine in presence of Lewis acids 
like anhydrous FeCl;, AICI; etc., to produce aniline. 
CH, + HONE; убо fech, CH NH, + H:O 
Benzene Hydroxyl Aniline 
amine н С 
(у) From ато compounds : Azo benzene when mixed with hydrogen and the mixture is 
passed through Ni catalyst at 50°C and 15—20 atmosphere pressure, aniline is produced. 
Hydrazobenzene formed as intermediate is not isolated. 


—N-N- He H- NH; 
Ni 50°C ММ 
20 om | | 
н. Нн 


Ато Вептепе Hydrazo benzene Aniline 


13.18. Properties of Aniline. re 
[A] Physical properties : Aniline is an oily poisonous liquid. In pure state itis colourless 
but when kept exposed in air, it becomes brown due to its oxidation in air in presence of light. 
Its boiling pointis 184°C. Ithas characteristic smell. Itis insoluble in water but soluble in ether, 
alcohol and benzene. It is heavier than water but on heating it floats on water. . 
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[B] Chemical properties : Aniline contains one primary amino group CNH) attached to 
benzene ring. Hence it exhibits reactions characteristic of both primary amino group and that 
of benzene nucleus. So Eis fie 

© Basicity of aniline : Aniline is a weaker base than aliphatic primary omine R NH,. This is because of the 
fact that, (i) alkyl group has + | effect and as a result the electron pair faving covalent bond between alkyl group 
and nitrogen is pushed towards nitrogen atom enhancing electron charge cl loud density onit. Asa resulțthe lone 

air of electron of N atom can be easily available for protonation. The availability of unshared pair of electron 
RE protonation is a measure of the basic strength. (ii) On the other hand aryl group has- effect and consequently 

it decreases the electron charge cloud density on nitrogen atom. TA 
R ———— — МН, Ar ——<—— NH, 
(ii) Aniline exhibits the following resonating structures. B 

* * 

CN. NH, NH; NH; :NHS o H-N-H 

Ss Resonance hybrid. Electron 

1 Il ш IV V — density on N atom is less, 

As a result of resonance, the lone pair оп N atom is not at all localised on nitrogen atom but becomes 
delocalised over the ring. The electron pair is now less available for protonation, On the other hand, such 
resonating structures are not exhibited by alkyl amines. рачето lone pair is localised on nitrogen atom 
in alkyl amine. This explains why aliphatic amines are more basic than aromatic amines. NH; is stronger base 
than aniline because NH; molecule is not a resonance hybrid unlike aniline. 


е Effect of ring substituents on basic property : The basic property of aniline may be increased or decreased 
according as whether group with +1 effect or -| effect is present in the benzene ring. 


(a) Alkyl group : It has + effect and hence it increases the basic property of aniline. Thus p-toluedine is more 
basic than aniline. 


(b) Nitro group : Nitro group exerts -| effect as well as -R effect. As such it decreases the basic property of 
aniline. This explains why ortho and para nitro aniline is less basic than aniline. 

(с) N-alkylated anilines : These are stronger bases than aniline. Thus N, N-dimethyl aniline is stronger base 
than N-methyl aniline which is stronger base than aniline. The corresponding pK, values confirm this. We know 
that the lesser the numerical values of pK, stronger is the basic strength and vice versa. 


C,Hs NH; СН; NH CHa С.Н. N (CHs)2 
pK, 462 4.40 4.38 
This is due to the steric effect, as a result of which lone pair on nitrogen atom can not interact with the 
delocalised p orbital system of the benzene nucleus. Resonance structures are less stable, lone pair on nitrogen 
atom becomes more available for protonation and consequently basic strength of N-alkylated anilines increases. 


(a) Reaction of -NH; group : 
(1) Aniline reacts with acids to form salt as it is weakly basic in nature. Aniline hydrochloride 
is a white solid, highly ionising and soluble in water. 
CNH SE НС > C,H ,NH>, НСІ 
Aniline hydrochloride 
CoHsNH2 + HSO, $ (C,H;NH;), H2SO, or [(C,H; NH3);]* SO,? 
Aniline sulphate 


(2) Like aliphatic amines, it reacts with alkyl halides to form secondary, tertiary and 
quaternary ammonium salts. 


C,H,NH, TX CHI coute (GNM: CH, + HI 
Aniline Methyl iodide N-Methyl aniline 
C,H,NHCH, + CHI C,H,N (CH,), + HI 
N, N-Dimethyl aniline 
CHIN (CH) Se NERE ae IC,H.N (CH,), PE 
Phenyl trimethyl ammonium iodide 
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(3) Carbylamine reaction : When warmed with chloroform andalcoholic KOH, itproduces 
foul smelling poisonous gas phenyl isocyanide. This is a confirmatory test of primary amino 
group. 

C,H,NH, + CHCl, +3 KOH aC CHN = С + 3 KCI + 3H,O 
Phenyl isocyanide 
e Mechanism : 


The mechanism involved in the formation of intermediate carbene : CCI, which is formed by the interaction 
between alkali and chloroform. 


H-Cd,« OH ——> HO«:Cd, 


1 
Lt NUN S oon 


а (Electrophile as carbon is in sextet) 
H 


Ў +, 
(4) Acetylation : Aniline is converted into acetanilide when reacted with acetyl chloride 
CH,COCI or glacial acetic acid. 
C,H,NH, + CICOCH, — —* C,H,NH. СОСН, + НСІ 
Acetyl chloride Acetanilide 
CH,NH, + CH,COOH — —* C,H,NH. COCH, * H,O 
CH,CO 
CH,CO 


yet OMe H 

d Aes MK ds 

снн, + :Cd,—— epe, > наса, 2200» CHAN = с 
h 


CHNH, + >o ——— cHNH. COCH, +CH,COOH 


e Mechanism : 


{же г>, беф pedir 4 
(ой a Na + t — CH, —— CH, Y = 9 — CH, —— CH, —N—C—CH, 
H Cl H da 
(5) Benzoylation : When shaken with a mixture of benzoyl chloride and dil NaOH and the 
mixture is poured into cold water, white crystalline solid benzanilide is formed. This is called 
benzoylation reaction and is an example of Schotten-Baumenn reaction. 
снин, + CICOCH, — 9 — C,H,NH.COC,H, + HCI 
Benzoyl chloride Benzanilide 
(6) Diazo reaction : This is a characteristic reaction of aromatic primary amine. Aliphatic 
primary amines do not give this test. А‹0°*—5°С, aniline reacts with dil HCI and NaNO, to form 
benzene diazonium chloride. This is known as diazo reaction. Aliphatic amines under this 


condition form alcohol and evolves nitrogen as effervescence. 


C,H,NH, + 2HCI + NaNO, که‎ CAN = CI = +2H,0+NaCl 


C H,NB, + 29,50, + NaNO; 0E eC H,—N = N—HSO, +2H,0 + NaHSO, 


(7) Formation of Schiff's base : With aromatic aldehydes e.g., benzaldehyde, it produces 
benzylidene aniline or anil or Schiff's base. 
C,H;NH, + OCH СН; ————» CHN = CHCH; t H;O 
Aniline Benzaldehyde Benzylidene aniline 
СН-Ш62 
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(8) With Grignard reagent : Hydrocarbon is produced when aniline reacts with Grignard 
reagent. 
C,H,—NH, + R Mg Br —— ЕН « C,H,NH Mg Br 
Aniline Grignard reagent Hydro-carbon 
(9) With carbonyl chloride : Phenyl isocynate is formed when aniline reacts with carbonyl 
chloride. 


о 
| 
C,H, NH, + С1— ia ——» CH,—N-C-0- 2НС1 
Carbonyl chloride Phenyl isocyanate 
(10) With carbon-di-sulphide : N, N-diphenyl thio urea is formed when aniline is warmed 
with caustic soda powder and ethanolic carbon disulphide. 
NH C,H «LORS 
675 +2 KOH —>S =C 
AH NH C,H, 
Aniline N, N-Diphenyl thio urea 

On being treated with conc. НСІ, №, N-diphenyl thio uréais transformed into phenyl iso thio 


cyanate. 
S-C(NHC,H), «HCl ————- CH,NCS + СН, МН, HCI 


Phenyl thio iso cyanate 
` (11) With hypochlorous acid : When aniline is treated with hypochlorous acid, H atom of 
—МН, group are completely replaced by chlorine atom to form N, N-dichloro aniline. 
C,H, NH, + 2 HOCI ———> CH, NCL #2H,O 

(12) Oxidation : Since the nucleus of aniline has high electron density (-NH, group, + M 
effect), aniline is easily oxidised by aerial oxygen. Pure aniline is a colourless liquid but when 
kept exposed in air it becomes red. This red coloured liquid when distilled gives almost 
colourless aniline. Various oxidation products are known with different oxidising agents. 

(a) With sodium dichromate Na;Cr;O; and concentrated H5O, it is oxidised to yellow 
coloured crystalline para benzo quinone. 


[0] 
о 
Су Na,0r,0; 9 
+Н;804 


Aniline p- Benzo quinone 
(b) Tri-fluoro acetic acid oxidises NH) group directly into -NO, group. Thus aniline is 
oxidised by tri-fluoro acetic acid to produce nitro benzene. 


+K,S +2H,0 


NH, мо; 
CF4COOH 
HO, 50°C 
Aniline Nitro benzene 
(с) Caro’s acid (per mono sulphuric acid HSO;) oxidises -NH; group into -NO (nitroso) 
group. NH NO 
2 


Aniline Nitroso benzene 
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[b] Reactions of benzene ring : 

(1) Halogenation : —NH, group is highly activating. Yt activates the benzene ring to such an 
extent that on halogenation all the hydrogen atoms in the ortho and para positions are substituted 
by bromine or chlorine. Hence itreacts with bromine water inthe coldto form immediately awhite 
precipitate of 2,4,6-tribromo aniline. With chlorine water the mA— is 2,4,6-tri chloro aniline. 


NH; 2 
Br. Br 
چ‎ 


2, 4, 6 Tri-bromo aniline 


Aniline 
NH; NH; 
а ci 
و‎ 
а 
Aniline 2, 4, 6 Tri-chloro aniline 


In order to reduce the reactivity of -NH; group in aniline, it is protected by acetylation. 
Ortho and para bromo aniline can be prepared by the following sequence of reactions. 


Preparation of para bromo aniline : 


мн; NH.COCH; NH.COCH; NH, 
+ 
d) (снзсоро, вт O x О 
CH3COOH 
Br Br - 
Aniline Acetanilide p - Bromo aniline 


© Preparation of ortho bromo aniline : 

(i) The para position of aniline is first blocked by sulphonation. 

(ii) The product is then acetylated by acetic anhydride. 

(iii) The acetyl derivativeis brominated with bromine in acetic acid. Since the para position is blocked, bromine 
atom enters into the ortho position with respect to -NHCOCHs group. 

(iv) The bromo derivative on hydrolysis by boiling with NaOH forms -NH group along with the simultaneous 


removal of -SO;H group. 


NH; NH; NHCOCH; NHCOCH; NH; 5 
Br r 
© conc. HıSO, © (CH,CO}.O © Bra (of ея 
300°С > СНСООН” 
SOH SO.H SOH o-Bromo aniline 


e Preparation of para iodo aniline : 
When iodine reacts with aniline in presence of mercuric oxide, aniline is converted to para iodo 


aniline. 


NH; 


NH; 
Oe (© em 
A 
l 


Para iodo aniline 
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(2) Sulphonation : Since H,SO, is not a strong oxidising agent, it can not oxidise -NH; 
group. Consequently it is not necessary to protect -NH» group. Sulphanilic acid i.e., p-amino 
sulphonic acid is formed when aniline is heated with conc. H,SO, at 180°-200°C. The reaction 
is believed to take place in two steps. At first aniline hydrogen sulphate is produced which 
loses water molecule to form phenyl sulphamic acid, the later on reartangement produces 
sulphanilic acid. 


н. Анно, NHSOH н, 
© conc. HSO, „ TR ĪSS 
7180-200 — 
SO:H 
Aniline hydro- Phenyl sulphamic Sulphanilic 
gen sulphate acid acid 


(3) Nitration : (a) Since -NH, group is very susceptible to oxidation by conc. HNO; and 
conc. .Н,50, giving rise to various coloured materials, it is necessary to protect the -NH; group 
before nitrating aniline. Hence -NH; group is protected by acetylation with acetic anhydride 
to form acetanilide. This when nitrated with conc. HNO; and conc. H,SO,ortho- and para-nitro 
acetanilide are produced (-NHCOCH; group is also ortho-para orienting). The two isomers 
are separated and hydrolysed by NaOH solution to get ortho- and para-nitro aniline. 


нң; DEOS NHCOCH; eee 
NO, 
© em Q ==. ©. QT 
SO, 
conc. уу я a 6%) 
(95%) 
D ы NHCOCH; 
Q-- 9 eO 
NO; c-Nitro aniline 
TM A 


(b) Ortho nitro aniline is best prepared as follows : 


NHCOCH; MICOS NHCOCH, 
NO. NO. 
Њо, © HNO; Cy 2. 2 Bor & ; 
SOH SOH o-Nitro aniline 


(с) Meta nitro aniline is prepared by the direct nitration of aniline in presence of conc. 
H,SO,. The yield is low. 


ын моко, NFLONO, 

Oe. HNO; © ERON Ag+ моон | 
D ee NO, 

Aniline 


m-Nitro aniline 


AROMATIC COMPOUNDS 427 


ө Uses of aniline : 

Large quantities of aniline are consumed in the manufacture of indigo and other organic 
dyes. It is used in the manufacture of sulpha drugs and as a solvent in rubber industry. Aniline 
finds its application in the synthesis of hydroquinone (photographic chemical), acetanilide, 
sulphanilic acid, nitro aniline etc. 

e Test for Aniline : 

(i) On shaking aniline with bromine water a light yellow precipitate of 2, 4, 6-tri bromo aniline is produced. 

(ii) When warmed with alcoholic KOH and chloroform, it produces obnoxous smell of carbylamine. 


(iii) Diazo-reaction : Aniline is diazotised with NaNO, and dil НСІ at 0°C-5°C (ice cold condition). This 
diazotised solution is then added to an alkaline solution of B-naphthol, at ice-cold temperature. A brilliant red 
dye confirms the presence of aromatic primary amino group. 


NH; N=NCI 


оң, OH 
OMe O BOO ah D 


Red azo dye 


e Sulpha drugs : Sulphanilamide (p-amino benzene sulphonamide) and its derivatives have strong 
antibacterial property. Sulphanilamide is used in medicine against “Cocci infections” namely streptococci, 
gonococci, pneumo cocci elc. It is obtained from acetanilide by the following sequence of reactions. 


NHCOCH; NHCOCH; NHCOCH; NH; 
CISO;OH NH; NoOH 
^ -H3O) boil 
50,81 SONH, SO;NH; 
Acetanilide (Sulphanilamide) 
Other commonly used sulphadrugs are : 
HN N п, NH 
[@ si 2 Юі 
i NH 
hadi 0 
—À Sulphaguanadine 
N= So 
HAC OD ONK У на (Оу) У 
* Sulphapyridine Sulphathiazole 


© Zwitterion or dipolar ion : Sulphanilic acid has both an acidic (-SO3H) group and a basic (-NH;) group in 
the same molecule. The two groups may react with each other to produce an ‘inner salt’ known as Zwitterion. 


NH, NHs 
NaOH 
boil 
SO:H 2 SO; 
a a witter ion structure 
Sulphanilic acid of sulphalinic acid 
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ө Differences between methyl amine and aniline : 


Methyl (CHj;NH;) 


Aniline (CsHsNH;) 


1. A gas with fishy smell. 

2. Undergoes carbylamine reaction with the forma- 
tion of methyl iso-cyanide. 

3. Basic and forms salt with acid. 

снн, + HCI э CH; NHC 


4. Itproduces methyl acetamide with acetyl chloride 


or acetic anhydride. 


5. It does not form any precipitate with bromine 
water. 

6. It does not undergo diazo reaction. But when 
reacts with NaNO, and dil HCl it produces effervescence 


1. A colourless liquid with unpleasant smell. 

2. It also, undergoes carbylamine reaction to form 
phenyl isocyanide. 

3. Less basic than methyl amine also forms salt with 
acid, е 

CsHsNH? + HCl — CH; NHCl” 

4. It forms acetanilide with acetyl chloride or acetic 
anhydride. 

C4H4NH; + CH.COCI > CsHsNHCOCH3 

5. It forms white precipitate with bromine to form 
2, 4, 6-tri bromo aniline. 

6. Ir undergoes diazo reaction. It forms benzene 
diazonium chloride with NaNO; and dilute HCl at 0°C. 


due to liberation of nitrogen. 
CHNH, + NaNO, + HCl ^ NaCl  CH;OH +N? 


+ HO 


СУНАН, + NaNO, + 2HCI — CsHsN2Cl + NaCl + 


290 


ө Differences between aniline and nitrobenzene : 


mE 


Aniline 


Nitrobenzene 


1. Dilute HCl. 


2. Carbylamine reaction : 
Chloroform and conc. 
alcoholic KOH. 


3. Diazotisation followed 
by coupling with alkaline 
B-naphthol. 


4. Mulliken-Barker test— 
sample + 50% ethanol + 
Zn dust+NH,Cl solution – 
Heat and the filtrate is 
added toTollen's reagent. 


Itdissolves in dil HCl to form a solution of 
aniline hydrochloride. 


On slight warming with chloroform and 

alcoholic KOH, it produces foul smelling 

gas phenyl isocyanide. 

C4HsNH2+ CHCl, + ЗКОН — СЕН МС + 
3KCl + ЗНО 


When treated with NaNO, and dil НСІ 
at 0°C it produces benzene diazonium 
chloride—the latter when added to 
alkaline B-naphthol a brilliant red dye is 
formed. It confirms the presence of -NH 
group. 

No grey precipitate of metallic Ag is 
obtained. 


Itdoes notdissolve in dil HCl but separates 
into two layers. The upper layer is dil HCI 
and the lower one is nitrobenzene. 


It does not undergo carbylamine 
reaction. 


It does not produce azo dye directly. 
However if nitrobenzene is reduced by 
Sn+HCl then it exhibits coupling reaction 
with the formation of azo dye. 


Grey precipitate of metallic silver confirms 
the presence of -NO; group. 
Zn, NHI 
CHNO, 5 CsHsNHOH 
CsHsNHOH + Ag:O — 2Ag + CHNO 
+ ЊО. 
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ө Different reactions of aniline : 
NH;HCI 


Hd 
IN 


Aniline hydrochloride 
NHCH; 
CHI 


N-methyl aniline 
NC 


CHCl; + KOH O 


Carbylamine reaction 
Phenyl isocyanide 


Reaction of NHCOCHs 
[>| Amino group CH;COCI © 
Acetylation* 
Acetanilide 
NH.COC,Hs 


C.HsCOC| 
Benzoylation © 


; Benzanilide 
N=N-Cl 


NH» 
| NaNO;/HCl 


Г-и чан 2 
(О) 0-5°C Diazotisation © 
Benzene diazonium chloride 


Aniline N = CHCH; 
CsHsCHO 


Benzylidene aniline 
[О] 
= =0 
Na;Cr;O; + conc Н;$О, a (os 


Para benzoquinone 
>) Oxidation NO, 
асн. O 


CF.COOH 


Nitro benzene 
NH; 


X 
X= Cl, Br, | "Yr 


X 
E veu 2,4, 6-tri halo aniline 
e rin 
ептеп! g NH; 
SOH 


Sulphanilic acid 
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e CHLORO BENZENE e (oy d 


13.19. Preparation of chloro benzene. 
(i) Chloro benzene is obtained when benzene is treated with chlorine (1 mole) in presence 
of Fe at ordinary temperature. The yield is about 90%. 


Cl 
(О) TOL. = га (Of + HCI 


Chloro benzene 
If however, excess chlorine is used a mixture of ortho and para-dichloro benzene is 


produced. 
cl СІ 
Hol 
© E, + 2HCI 


E E 


benzene 


CI 
para-Dichloro benzene 
(ii) It is obtained by dissolving benzene diazonium chloride in HCl and heating the mixture 
with cuprous chloride (Sandmeyer reaction). 
N;CI CI 


CuCl, 
НСА + № + НСІ 
Chloro benzene 
(iii) Industrially it is manufactured by passing a mixture of benzene vapour, НСІ and air 
over Cu;O as catalyst at 250°C (Raschig process). 
2C,H, + 2HCI + O, #2 2С,Н,СІ +20 
Chloro benzene 
(iv) Low yield of C;H;CI results when PCI; acts on phenol, the major product being tri- 
phenyl phosphate. 2 
CsH;OH + PCI; ——> C,H,Cl + РОСІ, + НСІ 
(v) In presence of acid catalyst, hypochlorous acid reacts with benzene to produce chloro- 
benzene. fe 
С.Н, + НОСІ ——> C,H;Cl + HO 


Here the electrophile CI* is produced as follows— 
H-Ö-CI + Ht —> Н›О'С1 => HO + CI 


13.20. Properties of chloro benzene. 
[A] Physical : Chloro benzene is a colourless, pleasant smelling liquid of b.p. 132°C. It is 
heavier than: water, steam volatile and insoluble in water, ether and ethanol. 
[B] Chemical : (i) On being reduced by hydrogen in presence of hot alkaline Ni-Al alloy, 
benzene is produced. 
С.Н;СІ + 2H e, C,H, + НСІ 


(ii) When refluxed with Mg in dry T.H.F. medium, phenyl magnesium chloride (Grignard 
reagent) is formed. d 
C,H;Cl + Mg er C,H:MgCI (T.H.F = Tetra hydro furan) 
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(iii) Toluene is formed when a mixture of chloro benzene and methyl chloride reacts with 
metallic sodium in presence of dry ether. This is an example of Wurtz-Fittig reaction, which 
is an extension of Wurtz reaction. 

CHCI + CICH, —2%2 


Ether 


C.H;CH; + 2NaCI 
Toluene 


(iv) When warmed with a mixture of conc. HNO; and conc. H,SO, it forms a mixture of 
ortho- and para- chloro nitro benzene. 


a g СІ 
conc. HNO; + conc. ^ NO, 
H;SO,. 80°С * 
o-Chloro nitro NO; 


benzene p-Chloro nitro benzene 


(v) Whenrefluxed with lithium in dry ether medium it forms an organo metallic compound 
phenyl lithium.. Borse 
CBE ты шаш ELT FE LICL 
Phenyl lithium 
(vi) In liquid ammonia mediumit reacts with KNH or NaNH, (potassium or sodium amide) 
to form aniline. 


CHCl + KNH, "WI CHiFNH, + KCI 


Aniline 
According to Roberts et al the conversion involves the unstable intermediate benzyne — 


(i) CZ a —> C + NH. 


H Benzyne 
(ii) Ор + NH, — Ж 
Мн, 
H a 
> ٤ oe 
(ii) e + NH — + NS 
“мн, NH; 


Step I is an example of elimination while step Il and Ш are addition reactions. 

Thus it is seen that conversion of chloro benzene into aniline is not «simple substitution reaction butis an 
example of elimination-addition reaction via benzyne intermediate. 

(vii) In presence of pyridine when it is heated with cuprous cyanide at 250°C it produces 
phenyl cyanide. 


CHCI +CuCN o> CCN + CuCl 


(viii) It reacts with metallic magnesium and isopropyl alcohol to yield benzene. 
CHsCI + Mg + CH;CH(OH)CH, — СН, + (CH3)sCH(OMgCl) 
(ix) Aniline is formed when it reacts with aqueous NH, at 200°C. and a pressure 150-200 


atmosphere in presence of Cu;O. 
2C,H.Cl + 2NH; + CuO > 2C,H;NH, + CuCl: + HO 
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(x) Chloro benzene is not easily hydrolysed like alkyl chloride. However, it can be 
hydrolysed by aqueous NaOH solution at 300°C to form phenol. 


caci PEO, CHOH + NaCl. 
(xi) When warmed with conc.H;SO, it produces ortho and para chlofo sulphonic acid. 
d d yee da 
- 4 з! 
conc H;SO, C 2 
60°С 
hl 
„аео а p-Chloro sulphonic acid 


(xii) Biphenyl is produced when sodium reacts with chlorobenzene in dry-ether (Wurtz 


reaction). 
[a> Cl+2Na+ at У her, NaCl + 


Biphenyl is also formed by Ulman reaction which involves heating of iodobenzene with 
copper at red hot condition. 


4 San: <_> con l УС У 


Biphenyl 


(xiii) The most important reaction of chloro-benzene is the formation of D.D.T (p; p' - 
dichloro di phenyl tri chloro ethane). It is produced when a mixture of chlorobenzene and 
chloral hydrate is heated with concentrated sulphuric acid. 


^ 
= CC > d (EY H 


C-CCl; 


cl 


Chlorobenzene D. D.T 

D.D.T. is a solid—m.p 108°C. It is mainly used as an insecticide. However, in view of its 
long term adverse effect on biological system, it is currently being replaced by safer 
insecticides. 

Uses : Chloro benzene is used in the manufacture of aniline, phenols and D.D.T. 

© Distinction between chloro benzene and benzyl chloride (CsHsCH2Cl) : 

(i) Chloro benzene is aromatic while benzyl chloride shows aliphatic behaviour. When both are allowed to 
react with alcoholic AgNO», benzyl chloride produces curdy white precipitate ofAgClwhich is soluble in NH,OH 
but insoluble in dil HNO; but no precipitate is formed with chloro benzene. 

CcHsCH,Cl + AgNO; — 4 AgCl + CsHsCHaNO: 
CHCl + AgNO3— No white precipitate 

(ii) When warmed with alkaline KMnO, benzyl chloride forms benzoic acid. The pink colour of KMnO, is 
discharged. Since no reaction takes place between KMnO; and chloro benzene, the pink colour is not discharged 
even when chloro benzene is distilled with KMnO,. 

KMnO, KMnO, 


C.HsCH.Cl —NoOH 7" CsHsCOOH; C H«C мон? No reaction. 
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(iii) When warmed with acidified K:Cr2Oy, benzyl chloride forms benzoic acid and the oronge colour turns 
green. But with chloro benzene even on heating, the orange colour of KzCr,O, is not changed. 


ө Synthesis of benzoic acid and benzyl alcohol from chloro benzene : 


(i) Benzoic acid from chloro benzene : 
CH il 
сні Ма ГЕ. снма-С0- o- Ekin s — diHd, CHCOOH + MgCl, 
reflux MgCl Benzoic acid 
(ii) Benzyl alcohol from chloro benzene : 
H»cso H CH gi 
сні МаН 4g eI ено: Ce VHC X C HICHIOH + MgCl 
reflux u^ “омеа Benzyl alcohol 
N=N-Cl 


@ BENZENE DIAZONIUM SALTS @ С 


Aromatic primary amine like aniline when reacts with nitrous acid at 0°—5°С forms a type 
of salts called diazonium salts e.g., 


ti qe eii Lais 219.69 = + == 
C.Hs-N = N-CI C,H;-N = N-HSO, С,Н,-М№ = N-COOCH; 
Benzene diazonium Benzene diazonium Benzene diazonium 
chloride bisulphate acetate 


13.21. Preparation of benzene diazonium chloride. 

Aniline is dissolved in dil. НСІ and the resulting solution is kept at ice cold temperature. 
When the temperature becomes 0°-5°C, sodium nitrite solution is added slowly with constant 
stirring. Addition of the solution of NaNO; is stopped when one drop of the resulting solution 
turns starch iodide paper blue. A pale yellow coloured solution of benzene diazonium chloride 
is formed. 

NaNO, + НСІ = NaCl + HNO; 


NH; N=N-Cl 


+ 2НСі+ NaNO, —* + NaCl 4 2H;O 


Diazonium salts are not separated as solid, because all such solid salts are explosive. 
All subsequent reactions of benzene diazonium chloride are carried out in aqueous 
solution. 

e Precautions : 

(i) During diazotisation, temperature of the resulting solution must be around 0°-5°C, since all diazonium 
salts are unstable at room temperature. 

(ii) Acid must be in excess during diazotisation otherwise benzene diazonium salt reacts with undiazotised 


aniline to form yellow coloured diazo amino benzene. 


Diazonium Anili 
chloride M lyellow) 
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(iii) Excess of nitrous acid present in benzene diazonium chloride solution interferes with its subsequent 
reaction. Hence excess HNO; is destroyed by adding urea to the solution when the following reaction takes 
place. 

COINH;); + 2HNO; = СО; + ЗНО + № 

Diazotisation : Diazotisation involves the formation of a diazonium salt by the interaction 
of an aromatic primary amine, sodium nitrite and an inorganic acid in ice cold solution. The 
reaction was discovered by Peter Griess (1858). 


e Mechanism of diazotisation : 


The actual attacking species is NO which acts as a carrier of NO’. The reaction is second order in nitrous 
acid and at sufficiently low acidities the amine does not appear in the rate expression. The possible mechanism 
of diazotisation is as follows— 


2HNO; ——z N:O; + НО 


н 
снн, + NO, — CHS Оден. ci =Q: 
H H 


Q Q 


снуе — À oH NIN он HS но+сне = 
H IU Benzene diazonium cation 
e Stobility of benzene diazonium salts : 


Aromatic diazonium salts are more stable than aliphatic diazonium salts, The stability of benzene diazonium 
salts is attributed to the resonance. 


Aliphatic diazonium salts are not resonance stabilised and hence they are unstable and liberates nitrogen 
gas forming carbonium ion, the later then reacts with water to form alcohol. 


снісн, Мн, + NaNO; + HCl [cuo = N] G^ CHCH + N2 + CF 


снён, + НН CHCHOH +H 
Ht + CF 5 HCl. 


Thus it is observed that while aromatic primary amine reacts with HNO, to form aromatic diazo compound 
the corresponding aliphatic primary amine forms alcohol and № with HNO». 


АМН, + HNO, — ROH + № + HO 


But if aliphatic amines contain electron withdrawing group like -CN, -COR, -COOR, aliphatic diazo 
compound may be obtained. Thus ethyl diazo acetate CHN;COOC;Hs may be readily obtained by treating a cold 
solution of the hydrochloride of ethyl glycine ester with cold NaNO, solution. 


+ 
Cl HINCH;COOCHH; + NaNO, — CHN;COOGH; + NaCl + 2H,O 
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13.22. Properties of benzene diazonium chloride. 

[A] Physical : Benzene diazonium chloride is a colourless, crystalline solid;readily soluble 
in water. In the dry state itis highly explosive and is never isolated in the solid state. The aqueous 
solution turns brown on exposure to air. The reaction of benzene diazonium chloride are carried 
out in aqueous medium. 

[B] Chemical : Reactions of benzene diazonium salts are of three types— 

(i) Substitution, (ii) Reduction and (iii) Coupling. 

(1) Substitution : In this type of reaction the diazo group— № is substituted by other 
atom or group. Nitrogen gas is invariably obtained in this type of reaction. 

(i) Replacement by hydroxy group : Phenol is formed when benzene diazonium chloride is 
boiled with water. 

С;Н;М = NCI + HO 3 C,H;OH + № + НСІ 
СН, = N-HSO, + HO — C,H;OH + №, + H;SO, 

(ii) Sandmeyer reaction—Replacement of halogens : Sandmeyer reaction consists in the 
replacement of ÑX group by СГ, Br, F ог CN’ group. Thus, 

(a) When benzene diazonium chloride C;HsN;CI is dissolved in dil HCl and warmed with 
cuprous chloride, chloro benzene is produced. 


C4HSN;CI С,Н;СІ + №, + НСІ 


Hd 
چ‎ 
CuCl, 


(b) Similarly when benzene diazonium chloride is warmed with HBr and CuBr the product 
is bromo benzene. 


C\HN,Cl ae CHBr + N, + HCI 
(c) Benzene diazonium chloride on being treated with cuprous cyanide dissolved in 
aqueous potassium cyanide yields cyano benzene. 


KCN 
C4H4NICI соем C4H4CN + № + KCl 


G yano benzene is also formed when benzene diazonium chloride is warmed with KCN in 
presence of copper powder. This particular reaction is known as Sandmeyer-Gattermann 


reaction. 


CHN;CI VES, с,н,см +N, + KCI 


(d) Jodo benzene is produced when benzene diazonium chloride warmed with potassium 
iodide. 
C4H;N,CI + KI ——> CHI + № + KCI 
(е) Fluoro benzene is produced by Balz Schiemann reaction : In this reaction calculated 
quantity of borofluoric acid is added to benzene diazonium chloride when white insoluble 
benzene diazonium fluoro borate is precipitated. It is filtered, washed and heated. Nitrogen and 
BF. gases are liberated with the production of fluoro benzene. 


CHN,CI + HBF, > CHÅBE — CHF +N, + ВЕ, 
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(iii) Replacement by -NO; group : Benzene diazonium fluoroborate is formed by treating 
aniline with fluoroboric acid and an aqueous solution of NaNO, at 0°-5°C. It is separated by 
filtration. This when mixed with copper powder and NaNO; solution and slightly warmed 
yields nitro benzene. 


HBF, NaNO, 
C.H.NH, ROC сун;дьвь, VN» CHNO; + Ni  NaBF, 


(iv) Formation of hydrocarbon : (a) Benzene is produced when benzene diazonium 
chloride is warmed with dry ethyl alcohol. 
C4H4N,CI + СНОН ———* СН + № + HCl + CH,CHO 
Benzene 
(b) On being warmed with strong reducing agentlike sodium stannite or hypophosphorous 


acid, NH) group of aromatic amine is removed with the formation of benzene. The process is 
called de-amination. 


C,H4N,CI + Na;SnO; + NaOH —> CH,  Na;SnO; + NaCl + № 
C,HN2CI + HPO» + H,O — C,H, + НСІ + HPO. 


In some cases an alkaline solution оў, ‘formaldehyde may also be used for this purpose. 


(c) Derivatives of biphenyl are produced when a diazonium salt reacts with an aromatic 
hydro- carbonin alkaline medium. Thus meta nitro biphenylis formed when meta nitro benzene 
diazonium chloride reacts with benzene in presence of dil NaOH solution. This reaction is 
known as Gomberg-Bachmann reaction. 


КУ + жуш +N; + NaCI +H,0 
NO, 


NO, 


Meta nitro benzene m-Nitro biphenyl 
diazonium chloride 


(v) Replacement by hydro sulphide (thiol) group : Benzene diazonium chloride on being 
reacted with potassium hydrosulphide produces thiophenol. 


CHNCl + KSH ——> C,H,SH + N, + KCI 


Potassium (Thiophenol) 
hydrosulphide. 


(vi) Replacement by arsonic acid group : Benzenium diazonium salts react with sodium 
arsenite in presence of Cu salt to form phenyl arsonic acid. This compound is used in the 
synthesis of organic arsenical compounds for use in the treatment of syphilis, sleeping sickness 
and certain other diseases. 


+ 2- OH 11 
CHN: + AsO;- —> N:+ | C,HsAs0;] iE CH; As-OH 


Phenyl arsonic acid 
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(2) Reduction of benzene diazonium chloride : 

(i) When benzene diazonium chloride is reduced with mild reducing agent like sodium 
sulphite or SnCl,/ НСІ, phenyl hydrazine hydrochloride is formed which, on being warmed 
with dil NaOH solution yields phenyl hydrazine. 

C(H&N;CI + 2Na,SO; + 29,0 ——> С;Н:МНМН,.НСІ + 2Na,SO, 
| монља 


С,Н;МН.МН, + NaCl + HO 
Phenyl hydrazine 
(ii) On being reduced by hydrogen in presence of Pt catalyst or by Zn dust and dil НСІ, 
aniline is produced. 
C4HN-N-CI + 3H, — >> C,H.NH, + МНС 


IH] руй на 


[CHNH.NH] —; {> CHNH: + NH, 
Aniline 

(3) Coupling reaction : 

The most important reaction of diazonium salts is their ability to produce a large number 
of coloured azo dye. This is called coupling reaction. Thus in alkaline medium benzene 
diazonium chloride couples with phenol at 0°C to form para hydroxy azo benzene —an orange 
dye. 


(_%-н=ма+н-{ on Qt n=n-~_S-on 
Benzene diazonium Phenol Para hydroxy azo benzene 
chloride (orange dye) 
Coupling normally takes place in para position. If para position is occupied then coupling 
takes place in ortho position. 
CH 


СВ, CH, 
NaOH 
Conse C) 78 Ce 
OH 
OH Benzene azo p-cresol 


If both ortho and para positions are occupied then coupling does not takes place at all. 


When benzene diazonium chloride is added drop by drop to an alkaline solution of B-naphthol at 0°C, a 
brilliant red dye results. The reaction is used as a confirmatory test of aromatic primary amine (-NH;) group. 


? N = МСН; 
OH °ч 
ма ——= т. 
B-napthol Azo dye 


Benzene diazonium chloride also couples with aniline and their. derivatives. 


(sie у. Уни У 


Diazo amino benzene 
Isomerises at 27-30°С 


| 


р-атіпо azo benzene 
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e Mechanism: Coupling is an example of electrophilic substitution reaction, the electrophile being ArN2" , arene 
diazonium ion. 


er NH; ¢ С ч, 
Sug mp 
چ ے ———— وه‎ 
CHN=N H CHN = № 


Phenols couple їп alkaline medium while aniline or amines couple in mild acidic condition. 
In alkaline medium phenol forms phenoxide ion which is more electron rich than undissociated phenol. Hence 
phenoxide ion promotes coupling reaction rate more than that of phenol. 


O-H о 

| | 
e +оҥ = HO« 3 
Phenol Phenoxide ion 


On the other hand if the medium is acidic, undissociated phenol predominates and coupling becomes slow. 
Again aniline is converted into anilinium cation which is relatively unreactive as the positive charge withdraws 
electron charge from the benzene nucleus. This explains why in strong acidic medium aniline does not couple wi th 
benzene diazonium chloride. 


r ve 
ore) 
—— 

Ready for coupling Does not couple 


Hence the optimum condition of coupling reaction is mild condition i.e., the solution must not be too acidic 
or too alkaline. 

@ Some important azo dyes : 

(о) Congo red : Congo red was the first synthetic dye produced which could dye cotton directly. It is a 
bisazo dye obtained by coupling tetrazotised benzidine with 2 molecules of 1 napthy! amine-4-sulphonic 


acid. 
Me НС ў TUE же a ; 
2 NH; На Cl-Nz NzCl 


Tetrazotised benzidine 
NH2 
2) 
^ OH 
NH; NH; ? 
CM а шу KOC АУ 
SO3H 


SOH 


Benzidine 


Congo red 


а (b) Methyl orange : Although primarily used as ап acid base indicator, methyl orange is used for dying 
wool and silk, but the colour is not fast. It is obtained by coupling diazotised sulphanilic acid with dimethyl 


aniline. 


NaNO: 


Methyl orange 


ө Reactions of benzene diazonium chloride : 


NO; н; 
C,H, OH HNO3 6H 
A H2304 Sn/HCl 


Benzene Nitrobenzene Aniline 
сну 
AlCl, 
н; оон 
10] © 
Kuno; 
Toluene Benzoic acid 
wen Hd NHNH, 
NaOH 
А 
iM Phenyl hydrazine hydrochloride Phenyl hydrazine 
chloride 
HOH OH Zn dus! 
Heat 
Phenol Benzene 


Halobenzene 


ө Some important conversions : 


(1) 3,5-dibromo toluene from p-toluidine : 
e CHa Sje CHa 
Bra NaNO» + dil ( 0 ) НО, НРО: [ @ ) 
ed. “br наос Вг Вг ^ Br “~ 
NH; NH; ма 3, 5-dibromo 
prtoluedine toluene 
(2) 3- е аан, 
CHa у 
^ NH; _(снсОкО , oio NHCOCH; pi Blu © NHCOCHs 
© COOH 
otoluedine 
ч CHa 


CHa 
NaOH ЮҮ NH: NaNO; + HC (Of Nd HO © 
Br e BF HjPO:A рӯ 


boil 
3-bromo toluene 


CH-H/63 


440 ELEMENTS OF CHEMISTRY 
(9) Ethanoic acid to a mixture of methanoic acid and diphenyl ketone : 
coon hy auo BORE cco HMO mon > coy fuer, 
Ethanoic acid : ta te, soln. 
HCOOH 
E N cad 
(4) Para nitro aniline to 1, 2, 3-tri bromo benzene : ТАТ. 1990] 
NH; QR. 


Br 
Br 
РЕ S EN HBr A 
"CH;COOH “dil Hd, 0-5°C Pa DRE теуаг ^ SandmeyarRe. > 
NO; NO; NO; 


prnitro aniline 


Bi Bi 
[6H] $ ра EL ioi ie Bii a i 
Sn/RGCI, A ^ Hdooesc * 
1, 2, 3- tri bromo 


benzene 


а 
NaNO; + dil HCI HCI 
0-5°С © CuCl, A © 


Aniline Chloro benzene 
(7) Nitro benzene and toluene from aniline : 
NH; 
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(10) Naphthalene from benzene : [L.L.T. *95] 
HCO X 
H. 
CH ipt 9 | Zn/Hg T 
AlCl, (О, єс” $ Hd (Ol. йе 
Вептепе || H50, 


Se x cH 
Zn/Hg 2 
,م‎ 2 
^ CH; Hd CH; 
CH. CH. 


Naphthalene 2 \ 2 
(11) Ms from phenol :. 
NO? ocu, М осн, 
"ены. RE. _ ConcHNO, j / [6H] 4 
conc 7 eoncHS0, ^. Sn + H^ 
Phenol 
T" 


тое ^ dil i ook OCH, ше ЧЫ Pinay * alc 
C Hd.oesc > 0°-5°С Er 


€ PHENOL OR CARBOLIC ACID Ө 


mth parohov 


OH 


Phenol or hydroxy benzene is formed by the replacement of one hydrogen atom of benzene 
ring Бу -ОН or hydroxyl group. When —OH group is directly attached to benzene ring it is called 
phenol but if OH group is attached to side chain, the resulting compound is called aromatic 
alcohol. 


(i) Aromatic alcohol : 
ФН: онаа dieci alot QUT itoched to he sid 
(9 to (Mode ring dec le ка ring d 
Phenol Benzyl alcohol 
MRIS Panay осоо) 
(ii) Aliphatic alcohol : CH,CH.OH 
Ethyl alcohol 


Like alcohols; phenols may be monohydric (containing one—OH group), dihydric (containing 
2 -OH groups) and polyhydric (containing more than two —OH groups). 


OH OH OH 
; T" сен, 
Monohydric phenol : © ы, ; (О) © 
SCH, 
Phenol 


Verb benzene] or mrcresol M "y Sunal 


Dihydric phenol : $^ ©. 


08 


Quinol 
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OH 
Polyhydric phenol : OH | pm 
Pyrogollol 
13.23. Preparation of phenol. 

(1) Isolation of phenol from coal tar : 

(i) When coal tar is fractionally distilled, the distillate obtained at 170°-230°C is called 
middle oil, which mainly contains phenol and naphthalene, content being 25-40%. On 
being crystallised naphthalene is separated from middle oil and is filtered. 

(ii) The filtrate is now mixed with /0% NaOH solution and is boiled where by phenol is 
converted into sodium phenate which remains in solution. 

CHOH + МОН + C,H,ONa + О 
Sodium phenate 


(iii) Phenol is separated when the solution of sodium phenate is either shaken with dil H,SO, 

or carbondioxide is passed under pressure through the solution. 
C,H,ONa +H,SO, | ———* C,H,OH +NaHSO, 
2C,H.ONa + СО, + HO ——* 2С,Н;ОН + Na;CO, 

(iv) Impure phenol thus obtained is now subjected to fractional distillation. Pure phenol is 
distilled out at 180-182*C. 

(2) Preparation or synthesis of phenol from benzene : Benzene sulphonic acid is produced 
when a mixture of benzene and conc. H;SO, is strongly heated. Benzene sulphonic acid thus 
produced i is warmed with concentrated caustic soda solution at 300—350? C— when sodium 
phenate is produced which is dissolved in water and either CO, or SO, gas under pressure is 
риса ronya эн ci cour gn olin. 

C.H, + OH.HSO, —> C,H,SO,H + H,O 
Benzene sulphonic 


C,H,SO;H + NaOH —* Pisos +H,0 
C,H,SO;Na + NaOH —> — * NaHSO, 


Sod. phenate 
2C,H,ONa + СО, + HO —> as a +Na,CO, 


2C,H,ONa + SO, + D — он + NaSO, 
(3) From benzene diazonium chloride : Phenol is produced when benzene diazonium 
chloride is boiled with water. 
C,H;N.CI + H;O —— DOR HR Ed 
(4) From chloro benzene : 
(i) Phenol is manufactured commercially by reacting chloro benzene and sodium carbonate 
at 300*C and Mtn presence of copper catalyst. This is called Dow Picus 
method of manufacture of phenol 


CHCl + Na,CO, + HO 505 Сеен, C,H,OH + NaCl + NaHCO, 
4 oa A ve of vapours of chloro benzene and steam is passed through silica gel at 425°C 


C,H.CI + HiO > CHOH + HCI 


(5) When sodium salicylate is treated with sodalime, sodium phenate is luced. The 
produced Na-phenate on being hydrolysed yields jou ia 


y OU ج‎ Q 
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(6) From cumene : Isopropyl benzene is called сителе, lt is obtained by treating benzene 
with propene in presence of dil Н;50, It is oxidised.to cumene hydroperoxide by oxygen. The 
later when decomposed by dil acid yields phenol and acetone. 


^ BC 
но, о, 
(О) «нен сњ, 9. тот" 
Propene 150-200°C 
с 
e О) _ Ô + CH,COCH, 
150-200°C Comers bye 
h Phenol 


(T) From Aniline : Aniline is diazotised with NaNO, and dil H,SO, at 0°—5°С. The 
produced benzene diazonium bisulphate is treated with water at 60°-70°С when phenol is 
separated out. 


c un, eO ISO, CHN = N-HSO, — oe CHOH + N; + 50, 
Aniline Phenol 
(8) By the use of Grignard reagent : Dry oxygen is passed into a solution of phenyl 
magnesium bromide dissolved in dry ether in presence of light when a white addition product 
results. This is hydrolysed by cold dil HC! when phenol is formed. 
C,H.MgBr EL C.H.-O-O-MgBr — 9 , 5c y, 0. MgBr 
З Кан а бә 


+ 
CH,OMgBr BO, C,H,OH + МЕ(ОН)Вг 


(9) Raschig process : This process, which is of industrial importance, uses a catalytic 
reaction of benzene, hydrogen chloride and oxygen (all in the vapour state, temperature around 
500°C). The hydrogen chloride used in the first reaction is recovered in the second by steam 
making the process economically viable. 


(B) +o Oum, Ò + Ho 


5009 + НСІ 
(By-product) 


13.24. Properties of phenol. А 
[A] Physical Properties : Роге phenol is a colourless solid which melts at 41°C and boils 
at 182°C. It turns into purple or pink colour on exposure to air and light. Wis slightly soluble 
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in water (solubility only 896) due to its ability to form inter molecular hydrogen bonding with 
water. However, solubility increases with the rise of temperature. It is a weak acid, turns blue 
litmus into red. It is soluble in caustic soda solution but does not react with sodium bicarbonate 
solution, It is highly poisonous and corrosive—produces blister when comes in contact with 
skin. Its dipole moment is,1.70 debye with the positive charge on the hydroxy group and the 
negative charge on the benzene ring. 


* Tautomerism of phenol : Benzene ring has conjugate system, having alternate single and double 
bonds. Because of this, phenol has an enol structure [-сн = ço] ‚ Such enol structure must be in equilibrium 


with the keto structure | - |. Thus phenol exists in keto and enol tautomers. However, phenol appears to 
be almost exclusively of the enol type. 
OH o 9 
їн 
охе 
Enol Kelo HH 
[В] Chemical Properties : 


(A) Reaction of the hydroxyl group (-ОН group) : 
(1) The salt sodium or potassium phenate is formed when phenol reacts with dil NaOH or 
конш. С,Н,ОН + NaOH — C,H,ONa + H,O 
CHOH + КОН э C,H,OK +H,0 


(2) Acetylation : Acetyl chloride or acetic anhydride reacts with phenol to produce the 


ester—phenyl acetate. It does not react with acetic acid unlike alcohol (distinction from 
alcohol). 


он OCH, он ососн, 
© соо, + HCl; © {CHOO © + CH,COOH 
Phenyl acetate Phenyl acetate 


Phenyl acetate may also be prepared by warming phenol with acetic acid in presence of 
phosphoryl chloride or polyphosphoric acid: Phenyl acetate when distilled with anhydrous 
AlCl;, undergoes rearrangement to form ortho and, para hydroxy acetophenone. This is called 
Fries rearrangement. ^ 


OCOCH; OH 
3 
Coe s. 
OCH: 


Phenyl acetate о-Нудгоху acetophenone р-Нуйгоху acetophenone 
Generally high temperature favours (>160°C) ortho- 
(« 60°С) favours para-isomer. 
(3) Benzoylation : Phenol when warmed with benzoyl chloride in presence of excess NaOH 
solution forms phenyl benzoate. This is an example of Schotten-Baumen reaction. 
CHOH  CICOC,H; > C,H.COOC,H, + НСІ 
Benzoyl chloride ^ Phenyl benzoate 


isomer while low temperature 
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(4) Anisole or phenyl methyl ether is produced when phenol reacts with diazomethane. 
It is also formed when sodium phenate reacts with methyl iodide. Similarly phenyl 
ethyl ether or phenetole is obtained by the reaction between ethyl iodide and sodium 


henate. 
p OH OCH, 


+ CHN, 
Phenol ^ Diazo methane Ani 
ONa OCH, 


+ СНТ © 
Sod. 


isole 
+ Nal 
Methyl iodide Anisole 
OGHs 
+ Nal 


+ № 


Or 


+ ICH, 


Sod. phenate Ethyl iodide Phenetole 
(5) When distilled with Zn dust phenol yields benzene. 


CHOH + zn — PY. Sleds C, + ZnO 
(6) With PCI; : Phenol gives a poor yield of chloro benzene with РСІ,. The main product 
of reaction with PCI, or POCI, is triphenyl phosphate. 
C,H,OH «PCl, ——*- CHCI + POCl, + HCI 
4C,H.OH + PCI, —S—> 4НСІ «(C,H.O)PO + С,н,С! 
tri-phenyl (тосе) 
3C,H.OH +РОС———> (C¢H,0),PO + 3HCI 
(7) Phenol is converted into thiophenol when reacts with PSs. 
5C,H4OH + PSs — 5С,Н;5Н + P0s 
(8) Aniline is produced when a mixture of phenol and ammonia is passed under 
pressure over anhydrous ZnCl;. Here -OH group of phenol is directly converted into -NH; 


group. fes 
«wi hen (О «no 
Phenol Aniline 
[B] Reactions of benzene ring : 


(9) Reimer-Tiemann reaction : When refluxed with alcoholic NaOH or KOH and 
. chloroform, phenol produces ortho-hydroxy benzaldehyde (salicyaldehyde) and para-hydroxy 
benzaldehyde. The yield of ortho isomer is greater than that of para isomer. This conversion of 
phenol into salicyaldehyde and p-isomer by the interaction with alcoholic caustic patash or 
NaOH and chloroform is called Reimer-Tiemann reaction. The reaction is used to prepare 
phenolic aldehydes from phenol. =“ 
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If CCl is used instead of chloroform. sulicylic acid is formed and ortho isomer predominates. 
OH 


1 
| CCl,/NoOH QU 
Oc. 
Phe PO o Hn 
i Para hydroxy benzoic acid 
(Minor) 


e Mechanism of Reimer Tiemann reaction : Cope 

Reimer-Ti reaction is an example of electrophilic substitution reaction on i ring. 
The остало dichloro methylene + CCl; (It is a species where carbon is bivalent). Since carbon atom of 
*CCI, is not saturated i.e., it contains only six electrons, it acts as an electrophile. It is generated by the reaction 
of alkali on chloroform. The possible mechanism of this reaction is as follows :— 


| 
anor == n ne + de: 
a a 


а 
Di chloro methy lene 


Жа 
3 


(10) Reduction : When a mixture of vapour of phenol and hydrogen is passed over 
powdered nickel heated at 160°C, it is reduced to give cyclohexanol. 


Cyclohexanol 


(11) Reaction with bromine : On being reacted with bromine water at room temperature, 
phenol forms a white precipitate of 2, 4, 6-tri bromo phenol. (It is а test of phenol). 


ў pi 
Вг. Вг 
*3Br, ————> * 3HBr 
Phenol Br 
; 2, 4, 6-Tri bromo phenol 
Similarly with chlorine it gives 2, 4, 6-tri chloro phenol. 
OH OH 
а а 
+ 3Cl, ————5 + 3HCI 
Phenol [s 


1 
2,4,6-Тп chloro phenol 
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Butif bromine is dissolved in ча егей like chloroform, CS, ог CCl, it forms ortho 
and para bromo phenol. 


ix 
МЕТО. duni 


(12) Nitration : -OH group is ei activating, Hence phenol сап Бе nitrated with 
dil. HNO, even at room temperature with the formation of ortho and para nitro phenol. 


H 
à + HNO, ER OR E 
Phenol c 


Ortho nitro NO, 
Para nitro phenol 

(13) Sulphonation : With conc. H,SO, phenol produces a mixture of ortho and para phenol 
sulphonic acid. At room temperature ortho isomer predominates while at higher temperature 
para isomer is the major product. Ortho phenol sulphonic acid when heated at 100°C, forms 
para phenol sulphonic acid. 


conc H,SO, SOH 
160°C conc. A 
Phenol 


Para pl 

wired phenol 
l id " 
sul {еш aci 1 


(14) Nitrosation : Phenol produces ortho and para nitroso phenol, when reacts with nitrous 


acid. 
Ô XO б» + 
Phenol ы 


lar nitroso 
Para nitroso La ee 
(15) Coupling reaction : Phenol reacts with benzene diazonium chloride in slightly alkaline 
medium at 0°—5°С to form azo dyes. k 


(16) Friedel ү: reaction : In presence of anhydrous AICI, phenol reacts methyl chloride: 
to form ortho and para cresol. Phenol also reacts with acetyl chloride to produce ortho and para 


hydroxy aceto phenone. 


ces So: © 
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om Е 
+ CH;COCI а 

hydroxy 

acetophenone 


COCH, 
p-hydroxy 
acetophenone 


(17) Kolbe-Schmidt reaction : When CO, gas is passed through sodium phenate at high 
pressure and temperature 125°С, salicylic acid or ortho-hydroxy benzoic acid is produced. At 
high temperature (2509-:300*C) para hydroxy benzoic acid is produced. -COOH group is 
directly introduced into the benzene ring by this method. 


Phenol Acetyl chloride 


OH ONa 
OH 
dil. HCI 
©) & O «oo ж se. OC 
СООМа i ООН 
Рһепо! Sod. Na. salicylate Salicylic acid 
phenoxide 
۳ i 
© «co sms. cum © 
Sod. phenoxide COONa : COOH 
lis} 
oe, 


(18) Gattermann reaction’: When phenol is treated with a mixture of HCN and НС! in 
presence of anhydrous ALCI |, catalyst, a mixture of ortho and para hydroxy benzaldehyde is 
produced. The method is used to introduce -CHO group directly in the benzene ring 
(Formylation of ring). 


H 
HCN/HcCI ir de њо аю 
с А 
c-Hydro: 
еруде ог 
Salicyaldehyde 


(19) Condensation reaction : Phenol condenses with aromatic and aliphatic aldehydes 
inthe ortho and para positions. Phenol condenses with formalin (HCHO) at low temperature 
in presence of dilute acid or alkali with the formation of ortho and para hydroxy benzyl 
alcohol. The major product is the para isomer. This reaction is known as Lederer-Manasse 


reaction. : 
CH;OH 
+HCHO dou + 
CH;OH 


prd pene) CA pid 
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If the reaction is carried out at high temperature and in excess of formaldehyde, plastic 
bakelite is formed. 

(20) Reaction with pthalic anhydride : On being heated with pthalic anhydride in presence 
of conc. H;SO, phenol forms phenolphthalein. 


Pthalic anhydride 
(21) Oxidation : On exposure to air and light or with chromic acid, phenol forms p- 
benzoquinone which combines with phenol via hydrogen bond with the formation of brilliant 
red coloured phenoquinone. 


<Оуу—он + 20) 26. o= У=о+ HO 


Phenol p-Benzoquinone 


Суу — CMS 


p-Benzoquinone Phenoquinone 
(22) Libermann’s nitroso reaction : Phenol forms a red coloured solution on being 
warmed with NaNO, and conc HSO,, The red colour soon changes to bluish green which 
turns deep blue on adding few drops of NaOH. This reaction is used as a test of phenolic 
-OH group. The red colour is due to the formation of indophenol and the blue colour is the 
indophenol anion. 


em (уу 
Indophenol (red) Indophenol anion (blue) 

(23) Reaction with neutral ferric chloride : A violet colour is formed when phenol 
is treated with neutral FeCl; at room temperature. This is a confirmatory test of phenol. 

ө Uses of phenol : Phenol is industrially used — 

(i) in the manufacture of plastic industry. Bakelite is a plastic of phenyl and formal- 
dehyde; 

(ii) as an insecticide and germicide; 

(iii) in the manufacture of picric acid, phenolphthalein and aspirin and other drugs; 

(iv) in the preparation of carbolic soap; 

(v) in the preparation of amido phenol used in photography, 

(vi) in the manufacture of nylon; 

(vii) pentachloro phenol which is used in the preservation of wood. 
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ө Identification of phenol : 
(i) With neutral ferric chloride solution phenol forms a violet coloured solution. 


(ii) When bromine water is added to phenol at room temperature, a white precipitate of 
2, 4, 6-tri bromo phenol is formed. 

(iii) Libermann reaction : Crystals of sodium nitrite and a few drops of conc. HS0; is 
warmed in a test tube and then drops of phenol is added to the resulting cooled mixture. At first 
a red and then a deep blue colour develops. On diluting with water the blue colour changes to 
red. On adding NaOH solution, the red colour changes to blue. 


e Although the molecular weights of toluene and phenol are practically same, yet the b.p. of phenol is 
higher than that of toluene—explain. 

Like aliphatic alcohols, phenol molecules are held together by inter molecular hydrogen bonding with the 
formation of associated molecules. On the other hand, in liquid state, toluene molecules are linked by Vander 
Waol's forces. The inter molecular forces of attraction in phenol being stronger than in toluene, the former boils 
at a higher temperature than the later. 


Mol. wt Boiling point 
Phenol C,H;OH 94 182°C 
Toluene C;H.CHs 92 111€ 


e The molecular weights of hexanol and phenol are same, but phenol is more soluble in water than hexanol. 
This is because of the fact that, phenol molecule contains one acidic -OH group which becomes linked with 
the -OH group of water through intermolecular hydrogen bonding. The solubility of phenol in water is due to the 
presence of this. hydrogen bonding between phenol and water molecule. Hexanol,.an aliphatic alcohol is 
unable'o form hydrogen bonding with water as the -OH group in hexanol is notacidic. Hence hexanoliis insoluble 


in water. 


Inter molecular H-bonding of phenol with water molecules. 


€ What is the effect of the presence of -CHO and -NO; group in phenol molecule regarding the 
physical properties ? 

On Both inter molecular and intra molecular 

Са } hydrogen bonding are observed when -NO; 

xc group or -CHO group is introduced in phenol 

ib molecule e.g., nitrophenol ond hydroxy 


benzaldehyde. When -NO; or -CHO group is 


Salicyaldehyde (intra molecular H-bonding) 
present in the ortho position with respect to -OH 


“О 


T group the resulting molecule exhibits intro- 
—NNo molecular hydrogen bonding. Under these 

ы RN circumstances, the molecule exists as discrete 

molecules and are unable to link up with other 

o-nilro phenol m.p. 45°С separate molecule through inter molecular 
hydrogen bonding. If these groups are present 

Q 2 in meta or para position with respect to -OH 

-н-0-— SN =O------ wo Sto group, then they are unable to form intra- 
molecular hydrogen bonding within themolecule, 

but they are able to link up with other separate molecules by inter-molecular hydrogen bonding and exist as 
associated molecules. The inter-molecular forces of attraction among these molecules increase enhancing their 
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melting point and boiling point. Furthermore these molecules are able to form inter-molecular hydrogen bonding, 
with water molecules and as such their solubility in water increases, This explains why the m.p. and b.p. and water 
solubility of ortho isomer are less than those of corresponding meta and para isomers. 

* Acidity of phenol : Phenol is acidic in nature. The CH; group has =1 effect and as such O-H bond can give 
rise to proton (H°) easily unlike alcohols, where the alkyl group (-R) has +I effect. Hence while phenol is acidic, 
the alcohols are not. The acidic property of phenol is measured by the ease of its ability to donate proton in 


aqueous medium. 


С SoH н. pM (Al 


Phenol Phenoxide ion 


Both phenol and phenoxide ion are resonance stabilised having 5 canonical structures. 


I I ш IV v 
Resonating structure of phenoxide ion 

Athough both phenol and phenoxide ion have five resonating structures, the resonance stabilisation 
energy of phenoxide ion is more than that of phenol. The contribution of structures II, Ill and IV of phenol 
is negligible as oxygen is positively charged. On the otherhand the contribution of five canonical 
structures of phenoxide ion is uniform. The dipolar structures Il, Ill and IV of phenol are comparatively less 
stable unlike in phenoxide ion which has no dipolar structures. As a result, phenoxide ion is more stable 
than phenol. Consequenily, ihe equilibrium [A] is more shifted towards right and thus phenol exhibits 
acidic property. Since alkoxide is not resonance stabilised, alcohols do not exhibit acidic property. 

Acidic property of phenol is increased or decreased according to whether group with - effect or +! effect is 
present in the benzene ring or the ability of the substituent to enter into resonance with -OH group and its position 
in the benzene ring. 

Electron withdrawing groups e.g., М», -Cl, -CN, -CHO etc. Increase the acidity of phenol as they further 
stabilise the corresponding phenoxide ion by resonance. On the other hand, electron releasing group (+1 effect) 


reduces the acidic property of phenol. Thus while p-nitro OH OH 

phenols is stronger acid than phenol, p-methyl phenol is | | UNO, 

weaker acid than phenol. © (Of 
Groups like -CH;, -NH;, “OCH; having strong + | 

effect decreases the acidic character of phenol when pk, = 10.28 pK, 2723 


` they are ‘in the para position, but they increase ће qct Я 
acidity when they are in meta position. In meta position flower he pk, values, higher istha acid streng 
only -1 effect operates. All the halogenated phenols are stronger acidic than phenol due to -I effect of 


halogen atom. 
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Againiif more than one nitro group are present in phenol, as in picric acid (2, 4, 6-Tri nitro phenol), the acidic 
property is so enormously enhanced that it can liberate CO; from NaHCO3 while phenol can not liberate CO; 
from NaHCO. 


€ Some important compounds of phenol : 
(1) Aspirin (acetyl salicylic acid) is an analgesic and antipyretic. 
(2) Phenacetin or para ethyl acetanilide is another ү ме of analgesic drug. 


OCOCH; 
de ©" Or COOH 
мон 
со aoc," Ot 140°C, ا‎ S cone. не, 
Acetyl 
salicylic acid 
(Aspirine) 
OH OH OH OCH; OCH; 
| =I NO; | | | 
© + Q” О а © 
А NaOH А Zo/HCl 
Phenol NO, NO; NH; 
Separated by 
fractional dist, OCH 
(CH;COO 
NHCOCH; 
Phenacetin 


OH OH OH 
Ci 
О О mm om 
140°C H,SO, A 


Хы Y 
(4) Vanillin is used as a flavouring agent—already discussed. uu" 
(5) Salol or phenyl salicylate used as an internal antiseptic. 


OH 


OH 
QO. ӨС m OC 
—— 
COOH ^ COOCH; 
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e Differences between alcohol and phenol : 
Alcohol 
(1)Mild sweet-smelling. (1)Characteristic phenolic smell. 


(2)Alcohols are not acidic. Hence they can not change] (2)Phenol is acidic, changes the blue litmus to red. 
the colour of blue litmus. 


(3)Being neutral, does not react with alkali. (3)Being acidic, it reacts with alkali to form salt(phenate) 
and water. 


CHOH + NaOH = С,Н:ОМа + HO 
(4)Easily oxidised first to aldehyde and then into | (4)On oxidation it finally forms yellow coloured para- 


acid. benzoquinone. 
[О] [О] 

RCH;OH ——> RCHO ——> RCOOH 
(5)No precipitation with bromine water as it does not| (5)A white precipitate results when bromine water is 
react with it. added to phenol at room temperature due, to the 

formation of 2, 4, 6 -Tri bromo phenol. 


(6)It does not react with neutral FeCl;. (6)A violet colour results when a few drops of neutral 
FeCl, is added to phenol. 

VI pods with СНСООН to form ester with fruity | (7)Phenol is inert towards acetic acid. 

smell. 

(8)Aqueous solution of alcohol does not ionise. (8)In aqueous medium phenol is ionised to produce Ht 
ion, hence aqueous solution of phenol is acidic. 


(9)Alkyl chloride is formed when reacts with PCls. (9)When reacts with PCls it forms mainly triphenyl 
phosphate and negligible amount of chloro- 
benzene. 


(10) Itdoes notcouple with benzene diazonium chloride. | (10) Yellow coloured azodye results when it couples 
with benzene diazonium chloride. 


(11) With НСІ it forms alkyl chloride. (11) Phenol does not react with НСІ. 


* Distinctive tests between phenol and aniline : 


Aniline 


ا 
Poisonous foul smelling phenyl‏ 
isocyanide is liberated.‏ 
С,Н:МН, + CHCl + ЗКОН >‏ 


GHNE HO 


Scorlet red dye is obtained. 


1. Carbyl amine reaction : 
Sample + CHCl, + alcoholic 
KOH 


2. Azo dye test : 
Sample + NaNO; * dil HCl at 
O*C. The resulting mixture is 
added to $ naphthol. 

3. FeCl, test : 

Sample + neutral FeCl, soln. 

| 4. libermann test : 

Sample + NaNO; + dil HSO; 


No characteristic colour isobtained. 
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9 Important reactions of phenol : 


Reaction of 
[>| OH group 


Phenol 


pac bi cie C,H,ONa 
Sodium phenate 
CEO! c,H,0COCH, 
Phenyl acetate 
see Т C, H.OCOCH; 
СНОС. C,H.OCOC,Hs 
Phenyl benzoate 
X = CI, Br, 1 r 
HAMSA yHy-O-CH, lAnisole) 
Zn dust C;H, (Benzene) 
= (C,H.O)PO + C H«CI 
mem Triphenyl phosphate (trace) Chloro benzene 
NH;, high pressure P 
Anhydrous ZAC C,H,NH; (Aniline) 
CHO 
CHCl; + alcoholic e. 
KOH Reimer-Tiemann 
reaction CHO 
Hydroxy 
eges Кш 
[e 
3H; HC "NO ын 
160°С, Nickel с он, ш; 
catalyst NCH/ 
B м“ Вг. "d Br 
dz c Q 2, 4, 6-Tri bromo phenol 
Br 


| ©” 


o-Nitro phenol NO; p-Nitrophenol 
HSO, © SO3H S 
25°С 160°C 
o-Hydroxy 
sulphonic acid ney 
sulphonic acid 


СНС «Оук (7 


COCH 
сњсосі dy pel 
Anhydrous AICI; £ 


Friedel Craft reaction o-Hyd 
бу сосн 
acetophenone p-Hydroxy aceto phenone 
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ө AROMATIC ALDEHYDES AND KETONES ө 
Aromatic aldehydes result when -CHO group is directly attached to the benzene ring e.g., 


HO н 
,CHO 


Benzaldehyde Salicyaldehyde 
Aromatic ketones result when carbonyl group [>C = O] group contains eiher two aryl 
groups or one alkyl and one aryl group e.g., 


о о 
1 І 
L er du, d au 
Benzo phenone or Acetophenone or 
Diphenyl ketone Methyl phenyl ketone 
(1) Benzaldehyde [C,H;CHO] 


It is the simplest aldehyde of aromatic series. It occurs in nature as a part of glucoside 
amygdalin, in the seeds of bitter almond and hence benzaldehyde is known as ‘Oil of bitter ` 


almonds'. 
13.25. Preparation of benzaldehyde., 

(1) By hydrolysis of benzal chloride : 

Boiling toluene reacts with chlorine to form benzal chloride. The produced benzal chloride 
on basic hydrolysis with Ca(OH), yields benzaldehyde. 


Н, НСІ, НО 
Cla Hydrolysis 
v. v. light Ca(OH), 


Benzalchloride Benzaldehyde 


(2) From benzyl chloride : Benzaldehyde is prepared in the laboratory by heating a mixture 
of benzyl chloride with an aqueous solution of Pb(NO,)2 or Cu(NO3)2 in ah atmosphere of CO;. 
This CO, prevents the further oxidation of benzaldehyde to benzoic acid. 


НСІ HO 
Pb(NO:); 
СОА 


Benzyl chloride Benzaldehyde 
` (3) By the oxidation of benzyl alcohol : A mixture of benzyl alcohol vapour and oxygen on 
being passed over copper powder at 300°C yields benzaldehyde. 


C H,CH,OH So C,H,CHO + H; 
U 

Benzyl alcohol Benzaldehyde 

(4) By the oxidation of toluene : 


(a) Toluene on being oxidised by ‘MnO, and 60% HS0; at 40°C yields benzaldehyde. 


H; HO 
10] 
MnO;/H;SO, 
Benzaldehyde 


CH-IU/64 
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(b) By Etard reaction : Toluene can be oxidised directly to benzaldehyde when a solution 
of chromyl chloride (CrO;CL) in CS; is added carefully to toluene at 25°—45°С. 


" (0) 
[0] 25°С 
CrO;Ch + CS; 
Toluene ` Benzaldehyde 


(5) Rosenmend reaction : Benzoyl chloride on being reduced by hydrogen in presenc: of 
Pd/BaSO, catalyst yields benzaldehyde. Pd/BaSO, prevents the further reduction to ben; yl 
alcohol. ; 


; H 
C.HsCOCI — "WiBeso, > СеН:СНО + HCI 


Benzoyl chloride Benzaldehyde 
(6) By Stephen reduction : When phenyl cyanide is dissolved in dry ether or ethyl acetate 
and reduced by SnCl, and conc. НСІ, benzaldehyde is formed. 


CsHsCHO 


(7) By Grignard reagent : Benzaldehyde is produced when phenyl magnesium bromide is 
treated with ethyl formate followed by Aydrolysis with НСІ. 


о O—MgBr 
нА осн, + CH,MgBr эн осн, —E-a-ceoeMg 
Ethyl formate CH, CH, 2Hs 


Benzaldehyde 


(8) When a mixture of calcium benzoate and calcium formate is subjected to dry 
distillation yields benzaldehyde. 


Ca(CsHsCOO), + Ca(HCOO), ina 2CsHsCHO + 2CaCO, 


(9) Gattermann-Koch reaction : Benzaldehyde is produced when a mixture of CO anddry 
HClis reacted with benzene in presence of anhydrous AICI, and Cu;Cl,as catalyst. CO and HCI 
at first react to form formyl chloride which then attacks the benzene ring (Formylation of 
benzene). 


CO + HCl НСОСІ 
Formyl chloride 


(0] 
АС, 
Ө + НСОСІ ©; + HCl 


(10) Benzaldehyde may also be obtained from aniline via benzene diazonium chloride by 
reacting the later with formaldoxime. 


2 NzN—CI Н = NOH HO 
= нсі © HON—GH, HO Ô 
Aniline Benzene diazonium Benzaldehyde 
chloride 
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13.26. Properties of benzaldehyde. 

[A] Physical : It is a colourless liquid having a smell of bitter almonds. Its b.p. is 179°C. 
It is sparingly soluble in water but highly soluble in ethanol. It is steam volatile. 

[B] Chemical :. 

(1) Oxidation : (a) Benzaldehyde when kept exposed to atmosphere is slowly oxidised to 
colourless solid benzoic acid in the cold. The reaction is believed to take place via per benzoic 
acid formation. сною 
CsHsCHO + О, == С,Н,СОООН ————> 2C,HsCOOH. 

Benzaldehyde Per пров Benzoic acid 
аси 

This oxidation of benzoic acid is prevented by keeping benzaldehyde in air tight bottle or 
by adding some anti oxidant like hydroquinone. 

(b) Alkaline KMnO,, acidic K,Cr;O;, dil HNO; and even bromine water can oxidise it into 


benzoic acid. (ol 
CsHsCHO -kmo, > CHCOOH 
Benzoic acid 


(c) Benzaldehyde undergoes oxidation with Tollen's reagent (ammoniacal AgNO; soln.) 

with the formation of ammonium benzoate and metallic silver. 
AgNO; + 3NHJOH 4 AglNH;]/OH + NHNO; + 2H;O 
CHsCHO + 2Ag|NHs,OH — CH.COONH, + 2Ag + 3NH; + HO 

Benzaldehyde does not react with Fehling's solution. 

(2) Reduction : Various reduction products are produced depending upon the type of 
reducing agents. 

(a) Toluene is the reduction product, when benzaldehyde reacts with Zn/Hg and dil НСІ 
(Clemensen's reduction). 


мн] 
C,H.CHO нена а С,Н:СН, + HO 
Benzaldehyde Toluene . 


The same compound is formed when benzaldehyde is subjected to Wolf-Kishner's 
reduction. 


Ома 


сн 
pap =O + HNNH, > GH:CH = ММН uec ССН № 


Toluene 
pong Hydrazine 


(b) ‘Benzyl alcohol is produced when benzaldehyde is reduced by LiAlH, or NaBH,, or 
aluminium iso-propoxide (Meerwein-Pondorf- Varley reduction). 


[жебе " [еј n-oa + 3ichjco 
Benzaldehyde Al-iso-propoxide Е 


3CHCHOH + АЮ, 
Benzyl alcohol 
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(c) When benzaldehyde is dissolved in an inert solvent and shaken with metallic sodium, 
asodium salt is formed as intermediate. The latter on hydrolysis forms hydrobenzoin (diphenyl 
glycol). 

s—CHON: CsH;—CHOH 
2C,CHO + 2Na — С СНОМа_ њо, GH;"C 
CsHs—CHONa C;H,—CHOH 


Sodium salt Diphenyl glycol 
(intermediate) Р 
(3) Addition reaction : As the carbonyl group is polar, benzaldehyde exhibits addition 
reactions in which the electrophilic reagents attack the negative oxygen and nucleophiles 
attack the carbonyl carbon. 


6 & 
Sf жы 
(a) Addition of HCN : With HCN it forms cyano hydrin which уйше Cm: 
on hydrolysis gives mandelic acid. : Nucleophile ^ Electrophile 
CN COOH 


CH Сао шн , но 
Ç0 SS» сн, 0 он HO» сн, б он 
H H H 


Benzaldehyde Benzaldehyde Mandelic acid 
Cyanohydrine 
(b) Addition of sodium bisulphite : Benzaldehyde adds sodium bisulphite with the 
formation of bi-sulphite addition product. 
SNE 


CHG =O + NaHSO, ——> CdH,—C—0H 
H H 


Benzaldehyde Benzaldehyde 
bi-sulphite 
(c) Addition of alcohols : Benzaldehyde reacts with alcohol in presence of dry НСІ gas to 
form hemiacetal and acetal. 


OR OR 
i i 
сен, =0 + ROH A, сн,—р—он—®©'— сун,—с—ок 
Alcohol 
H H H 
Benzoldehyde Hemiacetal Acetal 


(d) Addition of Grignard reagent : It reacts with Grignard reagent to form a product which 
on hydrolysis yields secondary alcohol. 


CH, CH; 
i 
CsHs— = О + CH,Mgl > CoHls~C—OMgI ini CoHs—C—OH + Mg(OH)I 
H H H 


Benzaldehyde ‘Addition product 1-Phenyl-1 -ethanol 


(4) Reaction with PCI, : Benzaldehyde reacts with PCI; with the formation of benzylidine 
chloride or benzal chloride. 


CsHsCHO + PCI, 4 CsHsCHCl + POCI 
Benzylidene 
chloride 
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(5) Reactions in which water is eliminated : 
(a) With ammonia—Benzaldehyde produces hydrobenzamide. 
ICH =O + 2NH > (C,H;CH=N),CHC,H, + 3H;0 
H Hydro benzamide 
Benzaldehyde 
(b) With hydroxylamine—Benzaldehyde reacts with hydroxylamine to produce benzaldoxime. 
CHC =O + HN-OH ——> CHG =N-OH + H,O 
H H 
Benzaldoxime 
(c) With phenyl hydrazine, benzaldehyde produces a solid crystalline phenyl hydrazone. 
p =0 + H;,N-NHC,H; —; > CHSC -N—NHGH, + НО 
H 


Phenyl hydrazine Benzaldehyde phenyl 
hydrazone 


(d) With semi carbazide, benzaldehyde produces semi-carbazone. 
CdH.c-o + HNNHCONH, a СьНу-С = N-NHCONH, + HO 
H 


H 
Semi carbazone 
(6) Cannizzaro reaction : As benzaldehyde does not have any & hydrogen, it responds to 
Cannizzaro reaction when heated with conc. NaOH or KOH with the formation of a mixture 
of benzyl alcohol and sodium benzoate. 


2C,H;CHO “> CH,CH,OH + C,H.COONa 
Benzyl alcohol Sod benzoate 


(7) Condensation reactions : 

(a) Claisen-Schmidt reaction : In presence of sodium hydroxide benzaldehyde condenses 
with aliphatic aldehydes and ketones to form products. Thus, with acetaldehyde it forms 
cinnamaldehyde which is the chief flavouring principle in oil of cinnamon. The aliphatic 
carbonyl compounds must contain a-hydrogen atom. 


H H H 
CH + H-CH,CHO ——> Cali Ç-EHO — , CHCH = CHCHO 
о Acetaldehyde OHH Cinnamaldehyde 
Benzaldehyde 
H нон 
снб + H.CH,;COCH; —> CH. —G-cocth, 6 C,H.CH = CHCOCH, 
о Асеюпе онн Benzylidene acelone 


Di-benzylidene acetone is readily obtained when it reacts with one molecule of 
benzaldehyde. 
NaOH 
СЬН,СН = СНСОСН.Н, + О=СНС,Н; по СЬН,СН = СНСОСН = СН.С,Н, 
Benzylidene acetone Benzaldehyde Di-benzylidene acetone 
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(b) Perkin reaction : Perkin reaction consists in heating an aromatic aldehyde with the 
anhydride of an aliphatic acid (containing two a-hydrogen atoms) and the sodium or potassium 
salt of the same acid to form о, B-unsaturated acid. Thus, cinnamic acid is formed when a 
mixture of benzaldehyde, acetic anhydride and fused sodium acetate is heated at 175-180? C 
for five hours under reflux. The melt is poured into water, steam distilled to remove unchanged 
benzaldehyde and the aqueous solution is acidified when white solid cinnamic acid separates 
out. 


Fused CH,COONa 
CsHsCHO + (СНСОО ‘sere alban СеН:СН = СНСООН 
Acetic anhydride Cinnamic acid 


Coumarin, an important compound in perfume industry is prepared from salicyaldehyde by 
the use of Perkin reaction as follows : 


monci ay | © | 440 (db: 
с> چ‎ 
он TOON, x он ого 
Salicyaldehyde Coumerin 


€ Mechanism : Perkin reaction follows the same mechanism as aldol condensation. Acetate ion from fused 
CH;COONa acis as a basic catalyst. 


CH;COONo == СНСОО + Na* 
[ө] 
Il m 


o о о 
Il haps 
ud, C-O-C-CH; + СНСОО == СНСООН + $ CH; C-O-C-CH; 
Catalyst Carbanion 


Iz UH 7 29 «онто 1 
Сн: Се + 209,-С-0-С-0н, = CHT-CHCOCCH, — > CHa C—O CH, 
H H H H 


-H,0 но 
—— —* С,Н;СН = СН—С —CH, => С,Н;СН = СНСООН + СНСООН 


z Cinnamic acid 
(c) Claisen condensation : This is a condensation reaction between an aromatic aldeh гуде 


and ethyl acetate under the influence of basic catalyst sodium ethoxide. Thus, benzaldehyde, 
reacts with ethyl acetate to forms ethyl cinnamate. 


CsH;CH = CHCOOC;H, + H,O 
Ethyl cinnamate 
(d) Knoevenagel reaction : Aldehydes condense readily with malonic ester and other 
compounds containing active methylene (—CH,) group in presence of piperidine (acts as basic 


catalyst). Thus benzal malonic ester is'produced when benzaldehyde condenses with malonic 
ester (Diethy! malonate). 


Benzal malonic ester 
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Hydrolysis of benzal malonic ester followed by heating at 150-200°C releases СО; with the 
formation of cinnamic acid. 


COOCHs dil H5O, COOH 
CHCH = CZ > GHCH s Cf 9, снєн=снсоон 
COOCH; COOH Gnnomic add 


Benzol malonic ester 


(e) Benzoin condensation : Under catalytic influence of NaCN or KCN in aqueous 
alcohol benzaldehyde undergoes bimolecular condensation reaction to form a-hydroxy 
ketone-benzoin, which is a crystalline solid. This reaction is called benzoin condensation— 
a typical reaction of aromatic aldehydes. Aliphatic aldehydes do not undergo benzoin 
condensation. 


о-и 
cH uod alcoholic 1 
c * (CH: 5 TROND, са Cent 
H O H 
Benzaldehyde Benzoin 
Various products are obtained from benzoin as shown below : 
$n 
S» CACHCOGH. 
Desoxy benzoin 
bs сы M od des 
H HH 
Benzoin Hydro benzoin 
HNO, KOH 
^ C4H,COCOCHs ERN Ей C,H-C-COOH 
Benzil CH; 
Benzilic acid 


(f) Reformatsky's reaction : 

Benzaldehyde reacts with ethyl bromo acetate and Zn in the presence of anhydrous ether 
to form ethyl cinnamate. This is known as Reformatsky's reaction, a reaction normally used in 
the synthesis of B-hydroxy esters. 


[9] O 
1 Zn 1 C H&CH = O | 1 
BrCH;-C-OC;H, + BrZnCH;-C-OC;H, — —— CdH,-C-CH-C-06Hs 


Ether 
Ethyl bromo acetate OZnBr 


HH 
но Lei. но : 
——> C4H,—C—C—C—OC;H; "7*4 C4H,CH = CH—C—OC;Hs 
oun Pind dijgmala 
(8) Formation of dyes : 


Malachite green is obtained by heating benzaldehyde with N, N-dimethyl aniline in the 
presence of fused ZnCl, or conc. H;SO, at 100°C (as a dehydrating agent) and oxidising the 
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produced leuco base, with lead dioxide and conc НСІ. A green coloured dye malachite green 
is formed. 


N(CH3)2 

4 ус z 4 Умен, amar < "CS 
H » de d (CH) 
Benzaldehyde Dimethyl aniline [01 | PbO» m base 


[> С у-мсња = 4 у= 0 - 


OH 
Carbinol base 
HC—N—CH; 
Malachite green 
(9) Substitution in the benzene ring : 
CHO CHO 


HO.NO; 
© HS0, Oho, Hg. 
Ж-ДО ӨЫ 

CHO CHO 


б===© 
SO,H 


Benzaldehyde msulphonic acid 
benzaldehyde 


CHO CHO 
9 — Q. 
u و‎ 

FeCl, с 
Benzaldehyde mrchloro 
benzaldehyde 


(10) With aniline : Benzaldehyde condenses with aniline to produce benzylidene aniline or 
Schiff's base. 


NUS nos 
ООС у 
Benzaldehyde Aniline Benzylidene aniline or Schiffs base 


(11) Tischenko reaction : Like aliphatic aldehyde it reacts with aluminium ethoxide to form 
benzyl benzoate on inter molecular oxidation-reduction reaction. This is an example of one 
step conversion of an aldehyde into ester. 


2C4H.CHO NÉS iL C4H,COOCH;C H; 


Benzyl benzoate 
ө Uses of Benzaldehyde : It is used (a) in perfumery for flavouring purpose, (b) in the 
manufacture of dyes, (c) in the synthesis of organic compounds e.g., о, Bunsalurated alcohol, 
aldehydes and acids. 
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@ ACETOPHENONE or METHYL e СОСН, 
PHENYL KETONE 


13.27. Preparation of acetophenone. 
(1) Acetone is prepared in the laboratory by Fridel Craft reaction. Benzene is heated with 
acetyl chloride in presence of anhydrous AICI; when acetophenone is produced. 


сн, + СНСОСІ — Сун, сосн, + на 


Benzene Acetyl chloride Acetophenone 
(2) Acetophenone may also be produced by the dry distillation of finely divided mixture of 
calcium benzoate and calcium acetate. 


P Са —P** ., о H.COCH, + 2CaCO, 
Acetophenone 


(3) Acetophenone is prepared on a large scale by the catalytic oxidation of ethyl benzene. 


[0] 
CsHsCH,CH; zo, > CH.COCH, + H,O 
Ethyl benzene Acetophenone 


(4) Benzaldehyde can be conveniently converted to acetophenone by using methylene 
cyanide as reagent. 


CcHsCHO + CH,(CN), — С,Н;СН = C(CN), saai CHSC =C(CN), 


Benzal- Methylene 

dahyde cyanide Я jt 
CsHsCOCH; 
Acetophenone 


(5) Benzene diazonium chloride reacts with oximes (except formaldoxime) to form an 
intermediate product which on hydrolysis gives aryl ketone. Thus benzene diazonium chloride 
reacts with acetaldoxime to produce acetophenone. 


Мон 
С;Н,№СІ + СН;СН = МОН ——> Cdi. —c = NOH —— CsHsCOCH; 
Acetaldoxime CH; Acetophenone 


(6) Phenyl magnesium chloride reacts with acetyl chloride to form acetophenone (Grignard 
reagent) by usual procedure. 


1 1 
CH= + €4H;MgCI ——» cc = С 
о Phenyl Mg 
choride 
chloride 
(7) It is also obtained by refluxing benzoyl chloride with dimethyl cadmium. 
2CsH;COC] + (CH;),Cd —> 2CsH;COCH;, + CdCl, 


sHsCOCH + MgCl, 
OMgCI Aceto phenone ` 
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13.28. Properties of acetophenone. i 

[A] Physical : Acetophenone is a colourless cystalline solid (commonly a liquid at room 
temperature) with a pleasant smell. It melts at 20°C and sparingly soluble in water and is steam 
volatile. 

[B] Chemical : Acetophenone is a typical aromatic ketone and responds to all the reactions 
of ketone. 

(1) Oxidation : Different products are obtained under different conditions and 
reagents. 

(a) Cold alkaline KMnO, oxidises it into benzoic acid via benzoyl formic acid. 


C,H,COCH; l_> C;H.COCOOH ®, CHCOOH 
Acetophenone “ Benzoyl formic acid '  Benzoic acid 
(i)Itundergoes Bayer-Villiger oxidation to form ester with per benzoic acid. Bayer-Villiger 
oxidation is used as a one step conversion of a ketone into ester, just like Tischenko reaction 
which is used for one step conversion of an aldehyde into an ester. 
C4H,COCH, + CsHs;COOOH ——> С;Н:СООСН, C H,COOH 
Acetophenone ^ Perbenzoic acid Methyl benzoate — Benzoic acid 
(ii) SeO; oxidises acetophenone into phenyl glyoxal (-CH, group is converted into > CO 
group). 
SeO, 
C4H,COCH; C,H,COCHO + Se + H;O 
Phenyl glyoxal 


(2) Reduction : Reduction with Zn dust and NaOH or sodium and ethyl alcohol yields 
phenyl methyl carbinol (a secondary alcohol). The Clemensen reduction with zinc amalgam 
and dil НСІ produces the hydrocarbon ethyl benzene. 


[2H] Zn + NaOH or 


C,H,CHOHCH, 
Na + CHOH : 
C.H.COCH; Phenyl methyl carbinol 
Acetophenone [4H] Zn/Hg + HCl 
Clemensen reduction C4H;CH;CH; 
Ethyl benzene 
Ethyl benzene may also be prepared from acetophenone by Wolf-Kishmer's reaction. 
E нус; CHONG 
HC Dc 0+ ЊУ — uc DC-NNH c CHCHCH, + N 
з Hydrazine Ethyl benzene 
(3) With HCN it forms addition product cyano hydrine in presence of alkali. 
HsCs моон  HsCs, „ОН 
НС 2CZOTYHON" —* HC 2С<сы 
S 
c anohydrine 


It does not react with NaHSO;. 


466 ELEMENTS OF CHEMISTRY 


(4) Condensation reactions which release water. 


y HsC H«C; 
(i) Hc^ C=0+HNOH——> рс > C=N.OH + HO 
Hydroxyl amine Methyl phenyl ketoxime 
A H«C H;C, 
(ii) Nod C50 + HNNH, — uc '>C =N.NH, + HO 
Hydrazine Methyl phenyl hydrazone 
ji H.C 
"T HC, 5\—6 м, 
(iii) $ PPI eE. o (ног HC OC NNH-<O>-No, 
ON ON 
2, 4-Dinitro phenyl hydrazine (Orange yellow precipitate) 
(D.N.P) 
(iv) In presence of aluminium-t-butoxide, two molecules of acetophenone condense to form 
dypnone. 


CH; CH; 
C,H;-C=O + H;CH.COC4H, Due С;Н,-С = CHCOC,H; + H,O 
Dypnone 
(v) Acetophenone condenses with acetic anhydride in presence of BF; catalyst to form 
colourless solid benzoyl acetone. 


BF. 
C;HsCOCH; + (CH,CO),0 > C,H,COCH;COCH; + CH,COOH 
Acetic anhydride Benzoyl acetone 


The same compound is formed by condensation with ethyl acetate. 


C<HsCOCH + СН,СООС,Н, A > C,H,COCH,COCH, + C;H,OH 


(5) Haloform reaction : Since acetophenone contains a -COCH, group, it undergoes 
haloform reaction. 


сун,сосн, 7", с,н,сосс, NOt > СУН.СООМа + CHCI, 


Acetophenone Sod. benzoate Chloroform 
(6) Willgerodt reaction : This reaction involves the conversion of a ketone into an amide 
with the same number of carbon atom by heating with an aqueous solution of yellow ammonium 
polysulphide. 


céH,cocH, “YS. CH.CHICONH, + — C,H.CH,COONH, 
Amide of phenyl 
acetic acid 

(7) Mannich reaction : This is a general reaction between formaldehyde, NH; or a primary 
amine or secondary amine as their hydrochloride and a compound having at least one active 
hydrogen atom (e.g., acetophenone) active hydrogen atom is replaced by an amino methyl or 
substituted amino methyl group. 5 

HCHO 


| NoOH 
C;H;COCH; oun CsH;COCH;CH,-N(CH,),* CI- ——> C,H,COCH;CH;-N 
Acetophenone 


CH; 
єн, 
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(8) Substitution in the side chain : Bromine and chlorine substitute hydrogen atom of 
СН, group. 


CHCOOH 
CHsCOCH; + С, | —— — —* С;Н,СОСН,СІ + HCI 
Acetophenone Chloro acetophenone 
oc 
CgHsCOCH + В ==» СН;СОСН,Вг + НВг 


exe «-Вгото acetophenone 
With 2 equivalents of bromine it produces о, о dibromo acetophenone. 
C,H;-COCH; + 2Br; ——————> С,Н;СОСНВг, + 2HBr 
о, о dibromo aceto phenone 


€ Uses of acetophenone : It is used in perfumery and as a hypnotic i in medicine under 
the name of hypnone. 


ө BENZOPHENONE OR DIPHENYL KETONE ө 


о 
OO: 
13.29. Preparation of benzophenone. 


(1) Benzophenone is formed when finely powdered calcium benzoate is subjected to dry 
distillation. 
distillation 
Ca(C,H;COO), М ышы сы CaCO, + CsH;COC,H; 
Ca benzoate Benzophenone 
(2) Friedel Craft reaction : It is obtained by distilling benzene with either benzoyl chloride 
or carbonyl chloride in presence of anhydrous AICI. 


АК) 
CH, + CsHsCOCI ————> C,H;COC,H; + HCI 


C4H,COC4H,  2HCI 
Benzophenone { 
(3) From Grignard reagent : Benzoyl chloride reacts with phenyl magnesium chloride to 
form benzophenone. 
Cl 3 
CH + C,HMgCl CHF Ciis На. c HICOCH, + MgCl; 
О OMgCI Benzophenone 


(4) It is also produced when o-benzoyl benzoic acid is heated with copper powder at' 


260C. 
7 
ДЕ 
ac —— e. @ © 
mo 
o-Benzoyl benzoic acid Benzophenone 


CH, + СОСІ, + CoH, 
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(5) Benzophenone is manufactured by Friedel Craft reaction using benzene and carbon 
tetrachloride followed by steam distillation of the produced dichloro compound. 


-H 
2C4H, + сс, A+ с,н,сссун, > с,н,с(онус,н, #05 с,н,сос,н, 
13.30. Properties of benzophenone. 


[A] Physical : Benzophenone is a colourless crystalline solid with a pleasant odour. It 
exists in two solid forms— a stable form of m.p 49°С and the other an unstable form of 
m.p. 26°С. It is insoluble in water but soluble in alcohol or ether. 


[B] Chemical : It undergoes most of the characteristic reactions of aromatic ketones. 


(1) Oxidation : When oxidised by alkaline KMnO; or acidified K,Cr,0;, benzophenone 
forms benzoic acid. 


[o] 
K;Cr;O; + Conc. HSO, 


(2) Reduction : (a) Reduction of benzophenone by amalgamated zinc and conc. HCI 
produces diphenyl methane (Clemensen reduction). 


C.HsCOC,H; CsHsCOOH 


Zn/Hg + HCl 
оңусосун, — 67 сонсон, + H1O. 
Diphenyl methane í 
(b) Benzhydrol is formed when benzophenone is reduced by zinc and ethanolic KOH. 
K 
CH COCUH, + Н, — КОН СНОН, с. н.снонс,н, 
А Benzhydrol 
(c) Being reduced by Zn and acetic acid benzophenone yields benzopinacol. 
ШЕ таз а EGC, CH Iu 
э 5\-6 5 h 
COT LAS CH — GCOC, 
bue MT MEE 
OH OH C.H 
Benzopinacol Benzopinacolon 


This is an example of pinacol-pinacolone rearrangement. 
(3) When ‘ed with KOH, benzophenone forms benzene (one step conversion). 


CH.COCH,«KOH е. CH, + CH.COOK 
(4) It forms an oxime with NH;OH but does not react with HCN to form cyanohydrin. It does 
not form any bisulphite addition product. 
CHC = O + HINOH OVES Сен;—С = МОН + H,O 
C4H; CsHs 
Oxime 
(5) A derivative of benzophenone i.e., ortho methyl benzophenone form polynuclear 
hydrocarbon, anthracene by strong heating. This reaction is known as Elbs reaction. 


ү 
COO + 009 


liy! benzo phenone Anthracene 
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An important derivative of benzophenone is Michler's ketone which is chemically para-tetramethyl 


diamino benzophenone. It is obtained by the interaction of carbonyl chloride (phosgene) and N, N-dimethyl 
aniline in presence of anlydrous ZnCl. 


еч 
d HK ( ) NL 3 y 
© Nc; 


о=с 5 се о=с 
~ n N 
Oran Sen 
Carbonyl chloride N, N-dimethyl aniline Michler's ketone 


Uses of benzophenone : Benzophenone is used in the perfumery industry. 
e Distinctive tests of acetaldehyde and benzaldehyde. 


1. Fehling's solution It reduces Fehling's solution to give | ltdoesnotreduceFehling's solution. 
red precipitate of CuO. 


2. NaOH solution Yellow resinous mass with conc. | It undergoes Cannizzaro's 


caustic soda solution. reaction to form white crystals of 
benzoic acid and benzyl alcohol. 


3. lodoform test It form yellow crystalline precipitate | No reaction. 
of iodoform when warmed with 
iodine and сопс, МООН solution. 


@ Chemical tests to distinguish between aliphatic, aromatic, aldehydes and 
ketones. 


2, 4-dinitro. phenyl 
hydrazine 


1. Aliphatic aldehydes Positive 


2. Aliphatic ketones Positive 


3. Aromatic aldehydes 


Positive 


Positive 


4. Aromatic ketones 


Reagents/Catalyst 


. , Raney nickel catalyst 


1. Brady's reagent 2, 4-dinitrophenyl hydrazine in melhanol and concentrated sulphuric acid. 
2. ERAS hcm Copper sulphate solution with sodium citrate and sodium carbonate. 

3. Barfoed's reagent Copper acetate solution and acetic acid. 

4. Jone's reagent Chromic acid (CrO) in aqueous acetone. E 

5. lindler's catalyst A mixture of Pd-CaCO containing either lead acetate or quinoline. 

6. Adam's catalyst А mixture of Pt and platinum oxide. 

7 An alloy containing equal amount of Ni and Al is digested with NaOH, when 


Al is dissolved and residual very finely divided nickel is Raney nickel. 
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Reagents/Catalyst 


8. Fenton's reagent 
9. Tollen's reagent 
10. Fehling's solution 


11. Schiff's reagent 

12. Dam's solution 

13. Wijs" reagent 

14. Schweitzer's reagent 


15. Grignard reagent 
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Chemical composition 


FeSO, and НО). 
Ammoniacal silver nitrate solution. 


Fehling's solution number I is sodium potassium tartrate (Rochelle's salt) 
containing NaOH. Fehling's solution number Il is 2% aqueous CuSO, solution, 
Ап equal volume of | and II is used in ће test. 


An aqueous solution of para rosaniline hydrochloride decolourised by SO;. 
‘Glacial acetic acid containing pyridine, bromine and concentrated H;SO,. 
lodine monochloride in glacial acetic acid. 

Ammoniacal copper hydroxide solution. 


Alkyl magnesium halide (RMgX). 


€ Some important organic reactions : 


Metallic Na is | Na in dry ether Alkane 
action from “ili halide | added to etherial RI + 2Na + IR —[R-R] + 
solution of alkyl 2Nal 
halide 
—| 
2. | Kolbe's ге- | Preporationofalkane | Electrolysis ^ of | Electrolysis. Alkane 
action ‘aqueous solution of | A q u e o u s|CHCOOK = K + 
sodium ог pota- | solution of CHyCOO- 
ssium salt of fatty | sodium acetate | 2CH;COO~2e 4| CH, 
acid. or potassium | 2CO; Ethane 
acetate 
. | Bayer's test | To test the presence | The pink colour of ATO TI Glycol 
of unsaturation alkaline KMnO; is | KMnO,. Room i Н u O + O => CHOH 
discharged when | temperature | 
added to unsatu- CHOH 
rated compound Glycol 
4. Synthesis of ether} Alkyl halide is | NaorKalkoxide Ether 
from alkyl halide added to sodium or RONa + XR' — ROR' + Мах 
potassium alkoxide Ether 
5; Haloform Preparation ofl Addition of halo- | Halogen and | Haloform i.e., chloroform, 
re-acion | Haloform from) gen and alkali to | alkali bromoform and iodoform 
carbonyl compound | CH,CHO, C;H.OH, CH;CHO Cl; CCl.CHO 
containing -COCH; | CHXCOCH; CClCHO + NaOH 
or: containing | CH;CHOH CH; CHCl, 4 HCOONa 


etc. 


Chloroform 


ЄН-11/65 
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SL. | Reactions Object Principle Reagents and Products 
No. conditions 
| 
6. Rosen -| Preparation of | Hz gas is passed | Hı, Pd, BaSO, Aldehyde 
mund re-| aldehyde from acid | through a solution | (BaSO, acts on Н, 
action chloride of fatty acid. | of acid chloride in | catalyst poison). | RCOCI —— z= > 
boiling xylene Pd, BaSO, 
containing Ра RCHO + HCl 
supported оп Aldehyde 
BaSO,. 
7. |Clemensen| To prepare alkane |C a r b o пу | | Amalgamated Alkane 
reduction | from aldehyde and | compounds are | Zinc and conc. Zw/H 
ketone, Reduction of | reduced by Zn/Hg | HCl. CH.CHO d 9 
and conc. HCl to 
>C = O group bb | alkane. CH, + HO 
Ethane 
>СН; group. R 
8. |Aldol соп-| To prepare aldol or | Condensation | Dilute alkali Piden aont 
densation | В Hydroxy carbonyl | between two same or compounds 
compound from | ordifferentcarbonyl | Acid, Refluxing | СН;СНО + HCH,CHO 
aldehyde or ketone | compounds. the reactants E alkoli 
containing at least 
one a-hydrogen CH;CH(OH)CH;CHO 
atom. Aldol 
9. |Canniz-| To prepare alcohol | When aldehydes | 50% NaOH | Alcohol and Acid 
zaro's re-| and acid from | containing no « or 2HCHO + NaOH > 
action aldehydes having no | hydrogen atom is | KOH solution- CH4OH + HCOONa 
a-hydrogen atom. | refluxed with conc. | reflux 
NaOH or KOH 
disproportionation 
takes place. 
e | {аё | 
10.|H. o f f =| Preparationofamine | Heatingacidamide | Bromine ог | Primary amine 
mann's re-| withonecarbonatom | with Br; or l and | chlorine ог Bn 
action lessthan acid amide, | NaOH or KOH iodine апа | RCONH; сон” RNH; 
dil.NaOH or 
KOH-Heat 
11. [Friedel - To introduce alkyl or | In the presence of | Benzéne, alkyl | Homologues of benzene 
Craft acyl group in a | Lewis acid like | halide or acid | СН: + RI 
reaction benzene nucleus. anhydrous AlCl,, | chloride and АК, 
benzenereacts wilh? | Lewis acid like 
RlorRCOCItoform | anhydrous | CHER + HI 
С;Н:огС,Н:СОК. | AlCl, BF, SnCl; 
etc. 
i eparation of | Aniline reacts with | NaNO;, dil HCl, | Benzene diazonium 
E ы: $ io diazonium | NaNO; and dil HCl | ice cold | salt, chloride, sulphate 
salt from aniline. at 0°-5°C. c Bn di i : ion j| etc. 
referably 0°- Момо, + dil HCI 
Bc UT HNH — uec 
Гей Кай 
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Heating benzene 
diazonium chloride 
with KCN + CuCN 


cyanides _ from 
benzene diazonium 
loride. 


снаа - 9» CHCI 
Aromatic hydroxy йе | 
һуде: 


-| Preparation of 
aromatic hydroxy 
aldehyde ^ from 
р! b 


chloroform and 
aqueous alkali and 


x CHCl, 
the mixture is 


or KOH and 
heat. СНОН ou 


Conc.H;$O, + 
NaNO; is mixed 


Solution turns red at first 
and then becomes blue. 


Ester. 


коен, HsCOOOH 
ioe : DM СООН 
йаш Ester cu acid 


Preparation а, В- | Benzaldehyde is | Aromatic 
fused 


unsaturated acid | mixed wil al 3 ficacid — * 
from aromatic | CHCOONa + | CH;COONa, CH.COONG 
а . (СН.СОЈО and |А c et i c| CHsCHO ноо > 
distilled to form | anhydride, 
cinnamic acid. Distillation 5-10 | СеН:СН = CH.COOH 


hours on oil 
bath. 


.| Fatty acid having at is | Bromine ог | a-chloroor a-bromo acid. 
leastone o-hydrogen ge A Br; 
atomis converted into refluxing | СН:СН,СООН Red i 
prenah саро о 219 


Test for aromatic 
primary-NH» group. 


azo -5°C, Alkaline 
re 


5 
naphthol or 


0°. Red azo d 

B- C,HsNCI + COH 

C4HsN = N-C;H.-OH 
Azodye 


To obtain ketone 


inacolone komd 2-dihydroxy 
al А 


соок mixed 
with As;Os and 
heated. 
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€ Questions e 


1. What are aromatic compounds ? State some of its characteristics. [H.S. (Trip) '82, 85] 
2. Prove that the six C—C distance in benzene is same. [WBJEE ’86] 
3. How is pure benzene isolated from coal tar? IWBHS "94, HS (Trip) '83] 


4. How does benzene react with the following : 

(а) Conc. HNO; (b) Conc. H;SO, (с) Н, (d) CHs! (c) A mixture of CO + HCI in the presence of a catalyst. 

5. Which of the following groups are ortho-para and which are meta orienting and why? 

-СООН, -NH;, -F, -SO3H, -NO2, -CN, -NHCOCH;, “OCH; 

6. Why is ће Korner's metho · f orientation of di-substituted derivative of benzene called an absolute 
method ? 

7. Arrange the following in the order of increasing rate of nitration—nitrobenzene, phenol and benzene. 

8. What halogen derivatives of hydrocarbon are used for the preparation of xylene by Wurtz-Fittig 
reaction ? 

9. How can you introduce the following groups in benzene ring ? 

(a)-COOH [WBHS '96], (b)-NH2[WBHS ’96], (c)-NO2, (d) SOsH, (e) CN [WBJEE ’92], (f) -CHO [WBHS 
'86], (g) -OH [WBHS ‘84, '90]. 


10. Name the reagents that are required for effecting the following changes : [WBHS '95] 
CH; COOH сосн» 
0—0 в б = 


NH; NHCOCH; NH; d 
= EL vnd MEE. 


11. How would you prepare toluene from benzene and vice versa. Write down the names of the chlorination , 


products of toluene. What happens when they are hydrolysed ? [WBHS '96] . 
12. What do you mean by the term nuclear and side chain substitution in benzene ? What are ortho, meta 
and para isomers ? [WBHS '83] 
13. Write down the structures of the following : 
(i) Ortho, meta, para di nitro benzene. [WBHS '82] 
(ii) Ortho, meta, para chloro toluene. [HS (Trip) 79] 


(iii) Ortho, meta, para dibromo benzene. 
(iv) Ortho, meta, para hydroxy toluene. 
(v) 2, 4, 6-tribromo aniline. 
14. What happens when toluene is oxidised and reduced ? Discuss the action of chlorine on toluene. 
[HS (Trip) '83, '85, '91] 
15. How can you distinguish between— 
(i) Benzene and toluene; (ii) Benzene and ethylene; (iii) Nitro benzene and aniline; (iv) Benzaldehyde and 
acetaldehyde; (v) Benzo phenone and aceto phenone; (vi) Chloro benzene and benzaldehyde. [WBJEE '91] 
16. How is nitro benzene prepared in the laboratory ? State with condition the different products obtained 
when nitro benzene is reduced, How is nitro group confirmed in meta nitro aniline ? 
[WBHS “80, HS (Trip) '82, 1.5.С '90] 


17. Write down the structure of D.D.T and phenolphthalein. How are they obtained from benzene ? 


474 ELEMENTS OF CHEMISTRY 


18. (a) Describe briefly how is pure phenol obtained from coal tar ? Why does phenol becomes coloured on 


keeping it in open air ? : [WBHS '95] 
(b) How can phenol and aniline be converted into one another ? [WBHS '95] 
(c) How will you detect phenol in the laboratory ? [WBHS '95] 
19. Ethyl benzene can be prepared by the following two methods— 
GHs COCH; GHs 
А СВ s CH,COCÎ Zn/Hg 
n © АСЫ © ti Ald, " © GTR 
Which method would you follow from practical point of view; Why ? [WBJEE "91] 
20. Write the products and name them : 
(i) Toluene Ch (А) 


OP 
boiling condition 
(ii) Toluene се (в) +(С) 

е 


(iii) Nitro benzene Imm. (D) 
2^ 


liv) Nitro benzene 21 МНІСЇ, (E) 
di 


(у) Benzene ——*—> (Р 
Sunlight 
21. How would you дс [WBJEE '93] 
(i) Phenol from benzene. (ii) Phenyl hydrazine from nitro benzene. (iii) Salicylic acid from phenol. 
(iv) Benzaldehyde from toluene. (v) lodo benzene from aniline. 


22. Below are given two different routes for the preparation of 3-phenyl propane— 


CH;CH,CH; 
Route | © + CHCHCH,C ——> ch. © 


COCH;CH; CH;CH;CH; 


Route Il © + CHCHCOC AI, © = Кац 


Which route would you prefer for ће actual preparation of 3- Ter propane dl why? 

[WBJEE *94] [Ans. Route II] 
23. (а) How is pure aniline prepared in the laboratory ? [WBHS ‘85, “86, '92] 
(b) How do the following reagents react with aniline ? 


(1) Acetic anhydride [WBHS ’93], We. Glacial acetic acid, (iii) Bromine water [WBHS ’95], (iv) NaNO, and 
dil HCI, (v) Con. H5SO,, (vi) Chloroform and NaOH [WBHS 90]. 


24. What are the action of benzene diazonium chloride on the following— 
(i) Hypophosphorous acid, (ii) HCl + CuCl, (iii) KCN + CuCN, (iv) КІ, (у) Phenol. 
25. (a) How can you separate nitro benzene from a mixture of nitro benzene and aniline ? 


[WBJEE ‘82, '84] 

(b) How will you prepare m-bromo iodo benzene from benzene ? ШАТ. "96] 

26. Predict the structures of the intermediates/products in the following reaction sequence : [II.T. 96] 
OME o o 


1 
MeO 


o 
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27. (a) Choose the correct answer : [LLT. 96] 
In the following compounds— 
о $ & à 
CH; ais © 
1 Ш 1 N 
the order of acidity is— 
(i) h>W>l>ll (i) 1» V> III > I 
(ii) I> I> M> IV (iv) V > III > 12 II [Ans. i] 
(b) Which are is more basic between aniline and methyl amine and why ? [WBJEE '89] 
(c) Phenol is acidic but ethyl alcohol is not—explain why. [WBJEE '86] 


28. Write short notes on : 

(a) Friedel Craft reaction [WBHS '96], (b) Wurtz-Fittig reaction [WBHS ^86], (с) Sandmeyer reaction [WBHS 
'79, '87, '96], (d) Coupling reaction. 

29. Identify the compounds marked A, B, C etc. in the following— 


N 
(a) C4HsBr + CHBr > Ае 8 мо С. 
+ 
KCN њо 


oc 
Шы "NaOH" Ас 8 > С 


AlCl, С›(1 mole) NH; 
=o ee 


HNO. 
(c) СН, + CHCl Zs A c——> р. 


(CH. COLO. Bra HO 
Idh Gata A TOOR” ® 100° © 
CO«HCd. , (снсоко Br, 
(e) СН ZE, > ^ CHCOONo”. P = 
CHCl, сно CH - CHCHO 


(0 © Arch, © Eon © E [WBIEE ’96] 


30, What happens when— 


(a) Phenol is treated with Zn dust. [WBJEE '96] 
(b) Toluene is treated with chromyl chloride and the product is hydrolysed. [WBJEE '96] 
(c) Benzaldehyde is heated with acetic anhydride in the presence of sodium acetate at 180°C. 

[WBJEE '96] 


(9) A mixture of phenol, phthalic anhydride and conc. H;SO, is heated. 

(е) Benzaldehyde is warmed with alcoholic NaCN and the product is oxidised. U.S.C. 91] 

(f) Benzene reacts with carbonyl chloride in presence of AlCl. 

31. How can you identify the following— 

(a) Toluene, (b) Aniline, (e) Nitro benzene, (d) Phenol, (е) Benzaldehyde. 

32. Mention the two uses of the following reagents in organic chemistry 

(i) Anhydrous AlCl, (ii) Sn + НСІ, (iii) Conc. H,SO,, (iv) Na/Ether, v) Zn dust, (vi) NaNO, + dil HCI, 
(vii) SnCl; + HCI. 

33. How can you remove the following groups from benzene ring ? 

(i) -CH,, (ii) -NO,, (iii) -OH, iv) COOH, Iv) СОСН», (vi) -SOH, (vii) -NH;, (viii) CHO, (ix) -CH;OH, 


(x) =: 
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34. Name the reagents necessary for the following transformations. IWBHS '96] 
(i) Chlorobenzene to aniline, 

(ii) Benzene to acetophenone, 

(iii) Aniline to phenyl isocyanide, 

(iv) Phenol to benzene. 

35. How can you effect the following transformations ? 

(i) Benzene to toluene and vice versa. [HS (Trip) “82, WBHS '87] 
(ii) Benzene to benzoic acid and vice versa. [WBHS '87, '92] 
(iii) Benzene to nitrobenzene and vice versa. 

(iv) Benzene to benzaldehyde and vice versa. 

(v) Benzene to benzophenone and vice versa. 


(vi) Chlorobenzene to aniline and vice versa. IWBHS ‘89, '96] 
(vii) Phenol to nitrobenzene and vice versa. [М/ВЈЕЕ ^82] 
(viii) Phenol to aniline and vice versa. [WBHS ‘87, '89] 
(ix) Aniline to benzene and vice versa. [WBHS '87] 
(x) Benzene to salicylic acid and vice versa. IHS (Trip) ‘87] 


(xi) Benzophenone to aniline. 

36. How the following compounds can be prepared in the minimum possible steps ? 

(i) Benzene from lime. ТАТ. *87] 
(ii) o-nitro chloro benzene from benzene. 

(iii) m-nitro chloro benzene from benzene. 


(iv) Benzamide to phenol. 
(v) Benzoic acid from benzene. [Roorkee Eng. ‘80] 
(vi) Aniline from benzene and vice versa. [L.L.T. *83] 
(vii) Benzaldehyde to cyanobenzene. ГАЛ. 86] 
(viii) Benzyl alcohol from benzene (4 steps) . [Roorkee '83] 
(ix) Benzyl alcohol from benzoic acid. 
(x) Phenol from aniline. [Roorkee Eng. '80] 
(xi) p-nitro aniline from aniline (3 steps). [Roorkee '83] 
(xii) m-chloroaniline from benzene (3 steps). [Roorkee '80] 
(xiii) m-nitrobenzoic acid from toluene. [LLT. *87] 
(xiv) p-amino benzoic acid from toluene. 
(xv) Acetophenone from phenol. ТАТ. '89] 
(xvi) p-dinitro benzene from aniline. 
(xvii) Ethyl benzene from benzene. ШАТ. *84] 
37. Write down the names (A, B, C, D etc.) of the following : 
(i CH. e (J E> BI ر ا‎ (Di [HS (Trip) '86] 
[Ans. A = С,Н:СН,, В = C;HICOOH, C = C;H&COONaG, D = CH] 
NaNO; « 
(i) HANH (a) te, ig) 9 во 
но ^ [Алз. A = CHsN.CI, В = С,НВг, C = СУНЫ, 
(р) (С) D = CsHsOH, Е = C;HsMger, F = СН] 
(il) CHINO, ای‎ (a) — > (B [WBIEE ’83] 


[Ans. А = С,НУМН„, В = C/HNC] 
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HNO, IH] oc CHOH 


manoni > qa a رم‎ Hs کر‎ ©) x 
[Апз.-А = С,Н,, B = СЕНО), C = CsHsNH2, D = C HSNsCI, E = CH] 
fa cg ы кесу л fei ecd жеу 
[Ans. А = C,HsSO;H, В = C;HsSOsNo, С = С,Н:ОМа, D = С,Н:ОН] 
мснсн, A> (А) ا‎ ^ Lg уюн ny 


[Ans. А = С,Н;СООН, В = C;H.COCI, С = CHICONH;, D = C;HsNH;] 


CH,COCI 
(i) CH > A > (8 


AICI: 
үе [Ans. А = C,HCOCH;, В = СНС = NOH, C= СНЫ 
© „А= >, B= тү |, C= СНЬ 
сњ 
кый] Anil epa = ра О Sey 


[Ans. A = 2, 4, 6+ri bromo aniline, В = 2, 4, 6-tri bromo benzene diazonium chloride, 


C = 2, 4, 6-tri bromo phenol] 
ра HANS ےک‎ (А IBI ا‎ 


[Ans. А = C4HN.CI, B = CsHsCN, С = CHCOOH] 


tel GNO, ——áu A ee (a Lee e) 
[Ans. А = САНАН, В = СУНЫ, C= CUT 


Sn/HCI 
(xi) СН, Nac SR Ee (А) aN (B) Put 2 (gos ل‎ (D) 


OH 
[Ans, A = СНОН, B = CONG, C= CH: Ohop P= GHI Kcd 


KCN/CuCN HO 


ge Zn dust Conc. HNO; + $n + HCl CHCl, + KOH 
bii] OH — de uaa] ROS „у “н „у Е (I 
[WBHS '86] 
[Ans. A = Cab, B = CHINO, C = GHINH, D = HNC] 
. HNO; + [H] ос на 
bil Cem rr "АКы Pio ria > ea t 0) 
[WBHS '87] 
[Ans. А = CHNO, В = С.Н», С = GHIN&CI, D = CHCl] 
l ^ 
pav Cahe E В [WBHS ^85] 
[Ans. A = C,HsCOCHs, B = CsHsCH:CH;] 
ing С 
(ху) CsHsNO2 ——t (Al — о, Ai Hd ^ (B) [WBHS '88] 
[Ans. А = CHINH; В = САЛЫС 
pril CA CONI, RES A О а B) bao O lAn Am CAEN, B= CHACOOH] 


bev) Ghar — 9 а) رو ,اک‎ e» (C 


Na KMnO; 
[Ans. A = C.H:CHs, В = CHCOOH, С = CsHsCOOC:H:] 
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bw] C нне TOF ESS ON „л Beh ij 
KCrO; + Conc. H,SO, KOH 
[Ans. A = C.HsCOOH, B = C;H.COCI, C = СеН:СОМН,, D = C;HINH;] 


/Ni P 
(xix) CH,COOH PO, (ду М „у Os ‚ным, (UT. '91] 


[Ans. A = С,Н:СОСІ, В = C;H;CONH;, С = C;H;CN, D = C;H.CH;NH;] 
H;CN 


3 
А d с но’ sod, сњ 
(хх) © Ta & xm (B) —+ © ——» (D) (Е) E" (F) 
[Roorkee 89] 
[Ans. A = CH,Cl, В = C.HsCH,Cl, C = KCN, D = СеН:СНСООН, Е = C,HsCH,COCI, F = CSH«CH;COCH;] 


38. Identify the reactants and condition in the following transformation : 

(1) CHINO, — > HNH, 5 снаа. HOH 

(2) HCH, — > ccc IL. eco — > с,ң,соон 

НС ls, СООН ——>сн,сос— сансомнь У сунун, 


MGANA —!——> CHN = NBE, 1 сун OOH 
(5) GR, l> cso y cote, con — > (Oy ^" 
(6) СНМ, — y CANH — SGHN = NEIL, сн, 

(снн, — > geo —! => снсоома — > cu, 

(в) CoH, ——1-——> сун,сосн, es с,н,сн,сн, 


(9) уң, l_> с,ң,сосн, "> суң,соома + CHbrs 
NH, NHCOCH, NHCOCH, NHCOCH; 


о dc c 0 


[Ans. (1) | = Sn/HCI, Il = NaNO;/HCI 0°C, Ill = HO 

(2) ! = СЬ,110°С, Il = NaOH, Ill = К›Сг;О; + Conc H;SO,, oxidation 

(3) L= Са(ОН), Il = РСІ,, Ill = NH;, IV Br,/KOH 

(4) | = NaNO;/HBF, 0°C, Ill = heat 

(5) L= Conc H;SO, Il = NaOH, Ш = СО», pressure 120°C IV = CCI,/NaOH 
(6) I = Sn/HCl, Il = NaNO,, НСІ, 0°C, Ш = C;H.OH, heat 

(7) 1= KMnO, (oxidation), II = NaOH, IIl = Sodalime, heat 

(8) I = CH:COCI/AICI,, Il = Zn/Hg + Conc. HCl 

(9) |= CH;COCI/AICI,, Il = NaOH + Br; 


(10) I = CH;COCI, Il = HNO,/H,SO,] 
39. State what happens when— 


(i) p-xylene is treated with conc. H;SO, and the resultant product is fused with KOH. ІМЛ. *84] 
(ii) Benzene is treated with methyl chloride in presence of anhydrous AlCl, and the product is treated with 
excess of chlorine in presence of v.v. light. ІМЛ. '87] 


(iii) А mixture of sodium benzoate and sodalime is heated and the product is treated with acetyl chloride in 
presence of anhydrous AICI: 
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(iv) Aniline is treated with alkaline chloroform. 

{v} Phenol is treated with alkaline chloroform. 

(vi) Acetic anhydride reacts with phenol in presence of a base. (М.Т. *82] 

(vii) Acetic acid is treated with POs and the product is acted upon by aniline. 

(viii) Phenol is heated with Zn dust and the product is treated with bromine. 

40. Explain the following : 

(i) Oxidation of toluene with CrO; to benzaldehyde is carried out in presence of acetic anhydride. 

(ii) Phenol is an acid but it does not react with NaHCO)». ГАТ. '87] 

(iii) Phenols are more acidic than alcohols. 

(iv) Direct nitration of phenol gives low yields of p-nitro phenol. 

(v) Benzaldehyde with HCN gives a mixture of two isomers which can not be separated even by careful 
fractional distillation. 

(vi) Although p-hydroxy benzoic acid is less acidic than benzoic acid, o-hydroxy benzoic acid is more acidic 
than benzoic acid. 

(vii) Benzaldehyde gives a positive test with Tollen’s reagent but not with Fehling’s solution. 

(Hints. Fehling soln, (Cu + tartaric acid + base) is a weak oxidising agent than Tollen’s reagent, hence 
oxidises only the aliphatic aldehydes.] 

(viii) Aniline dissolves in dil НСІ, 

(ix) Aniline is a weak base than ethyl amine. 

(x) Cyclo hexylamine is a stronger base than aniline. ГАТ. '82] 

[Hints. Aniline is a weak base than cyclo hexylamine due to its resonating structure while cyclo hexylamine 
has no resonating structures.] 

(xi) It is essential to acetylate aniline first for preparing p-bromo aniline. 

(xii) During the diazotization of aryl amines excess of HCl or H2SO, is used. 

(xiii) Weakly basic medium favours the coupling of phenol. 

(xiv) Weakly acidic medium helps the coupling with aniline. 

(xv) Sulphanilic acid has both acidic and basic properties. 


е Objective type questions : 

(1) Select the correct answers) : 

(i) Benzene can undergo, (а) Substitution, (b) Addition, (c) Elimination, (9) Oxidation. . [Ans. (a), (Ы), (9) 
(ii) Which of the following Lewis acid can be used as catalyst in Friedel Craft reaction ? 

(о) AICI, (b) BF», (c) HCI, (d) HNO». [Ans. (a), (b)] 
(iii) The reaction of toluene with chlorine in presence of ferric chloride gives predominantly— 


(a) benzoyl chloride, (b) m-chloro toluene, (c) benzyl chloride, (d) o-and p-chloro toluenes. 
[Ans. (9) [L.L.T. *86] 


(iv) Which of the following compounds does not dissolve in conc. H,SO, even on warming ? 


(а) Ethylene, (b) Benzene, (c) Hexane, (d) Aniline. [Ans. (c]] Г.Т. *83] 
(v) Molecule in which the distance between the two adjacent carbon atoms is largest in— 

(a) Ethane, (b) ethene, (c) Ethyne, (d) Benzene. [Ans. (a]] [LLT. ’81] 
(vi) The compound which is nitrated with difficulty is— 

(a) Benzene, (b) Nitro benzene, (с) Toluene, (d) Phenol. [Ans. (b]] 
(vii) Amongst the following groups, that deactivates the benzene ring for electrophilic substitution is— 

(a) -CHs, (b) -NH;, (c) -OH, (9) -Cl. [Ans. (d)] 


(viii) The bond order of individual C-C bonds in benzene is— 
(a) 1, (b) 2, (c) between 1 and 2, (d) one and two alternately. [Ans. (c)] (М.Т. '81] 
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(ix) Six carbon atoms of benzene are of— 

(о) one type, (b) two types, (c) three types, (d) six types. [Ans. (a]] 

(x) The compound which most reactive towards electrophilic nitration is— 

(a) Toluene, (b) Benzene, (c) Benzoic acid, (d) Nitro benzene. [Ans. (а) [L.L.T. '85] 

(xi) Which xylene gives only one mono bromo derivative ? 

(a) ortho, (b) meta, (c) para, (d) none. [Ans. (b)] 

(xii) Which of the following give(s) white precipitate when boiled with alcoholic AgNO; ? 

(a) Benzene, (b) chloro benzene, (c) alkyl chloride, (d) vinyl chloride. [Ans. (а), (c}] 

(xiii) Base catalysed aldol condensation occurs with (a) propionaldehyde, (b) Benzaldehyde, (с) 2-methyl 
propionaldehyde, (d) 2, 2-dimethyl propionaldehyde. [Ans. (a), (c]] [L.I.T. '84] 


(xiv) Which of the following will react with ethanolic KCN ? 
(a) ethyl chloride, (b) acetyl chloride, (c) chloro benzene, (d) benzaldehyde. [Ans. (a), (dJ] [I...T. ‘84] 
(xv) m-chloro benzaldehyde on reaction with сопс.КОН at room temperature gives (a) potassium-m-chloro 
benzoate and m-hydroxy benzaldehyde, (Ь) m-hydroxy benzaldehyde and m-chloro benzyl alcohol, (c) m-chloro 
benzyl alcohol and m-hydroxy benzyl alcohol, (d) potassium m-chloro benzoate and m-chloro benzyl alcohol. 
[Ans. (d]] [LLT. 91] 
[xvi] Phenol reacts with bromine in CS; at low temperature to give (a) т-Бгото phenol, (b) o and p-bromo 


phenol, (c) p-bromo phenol, (d) 2, 4, 6-tri bromo phenol. [Ans. (БЛ ГЫТ. '88] 
(xvii) Which of the following aldehydes does not reduce Fehling solution readily ? 
(a) Formaldehyde, (b) Acetaldehyde, (c) Benzaldehyde, (d) Phenyl acetaldehyde. [Ans. (cJ] 
(xviii) Amongst the following, the most basic compound is (a) Benzyl amine, (b) Aniline, (c) Acetanilide, 
(d) p-nitro phenol. [Ans. (a]] 11.1.7. 90] 
(xix) Aniline is heated with conc. H;SO, at 200°C the product is (а) aniline sulphate, (b) benzene sulphonic 
acid, (c) sulphanilic acid, (d) aniline sulphite. [Ans. (c}] 
(xx) Benzene diazonium chloride when reacts with hypophosphorus acid produces (a) Benzene, (b) Phenol, 
(с) Phenyl-phosphite, (d) Phenyl phosphate. [Ans. (a]]. 
(2) Fill in the blanks : 
(i) Reaction of benzamide with NaOH and Br; gives the reaction is known as А 
(ii) Benzyl alcohol and phenol сап be distinguished by using reagent. [Roorkee ‘89] 
(iii) Aromatic carboxylic acids are acidic than mineral acids. 


(iv) Phenol is acidic because of resonance stabilization of its conjugate base namely _ 7: [I1.T. 90] 
(у) The reaction between phenol and alkaline chloroform is known as 
(vi) Toluene is converted to benzaldehyde by reaction with — . [Roorkee *89] 
(vii) The presence of meta directing group in benzene ring _____ the ring towards electrophilic substitution. 
lviii) Aniline on being treated with alkaline chloroform gives. 
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H. S. CHEMISTRY : 1995 
Second Paper 


Time : 3 Hours Full Marks : 80 
Special credit will be given for answers which are brief and to the point. Marks will be 
deducted for spelling mistakes, untidiness and bad handwriting. Figures in 
the margin indicate full marks for the questions. 

[ Four-figure Logarithmic and anti-logarithmic tables, to be supplied by the Council, 

may be used. Use of calculators is not permitted. ] 

Group 'A' 
Answer any two questions. 

1. (a) What do you understand by Natural Radioactivity ? Will the radioactivity of 1 gram 
of Radium metal and that of 1 gram of Radium present in Radium chloride be the same or 
different ? Justify your answer. 2+2 

(b) How is an electron emitted as a beta-particle from {һе аїот of a radio-element, although 
there is no electron in the nucleus of an atom ? What is the reason behind the fact that all 
radioactive minerals are found to contain lead ? 2+1 

(c) Complete the following radio-active disintegration series : 


p. MELOS eor, giis ur 3 

2. (a) What is meant by the stationary electronic orbits in Bohr's theory of hydrogen atom? 
Does the electron remain static while it is in a stationary orbit ? Explain. 241 
(b) The atomic number of an element A is 15 and its mass-number is 30. Write down the 
electronic configuration of А? ion. How many protons and electrons are there ій A? ion ? 


Indicate with reasoning, the probable position of the element A in the Periodic Table. 
1-144142 


(c) Zn + H,SO, = ZnSO, + Н; 1 
Can this rection be called an oxidation-reduction reaction in the light of the electronic 
concept ? Explain. 2 
3. (a) Give a description of the Periodic Table on the basis of electronic arrangement of 
atoms and indicate the positions of elements of atomic numbers 18 and 26 in it. 
(b) What do you mean by electronegativity of an element ? Indicate its variation along a 
period and down a group in the Periodic Table with examples. 5+2+3 
4. (a) What do you understand by Hydrogen-bond ? Between hydrogen fluoride and 
hydrogen chloride, which one do you expect to have higher boiling point andwhy? 242 
(b) "Molecular weight of sodium chloride is 58.5" (Na — 23, Cl = 35.5). Explain with 
justification whether this statement is correct or wrong. 2 
(c) Explain with reasoning : 
(i) SO; molecule is polar but CO, molecule is non-polar. t 2 
(ii) Copper is deposited on zinc on immersing a zinc rod into copper sulphate solution 


but zinc is not deposited on copper on immersing a copper rod into zinc sulphate solution. 2 


Group 'B' 
Answer any two questions. 
5. (a) What do you mean by calcination and roasting ? Which type of impurities may be 
removed through calcination ? Give examples with equations. 2424142 


[ii] 


(b) Describe the process of concentration of a magnetic ore containing non-magnetic 
gangue. 3 
6. (a) What are the common impurities present in the Bauxite ore ? In the extraction of 
Aluminium from Bauxite, why is pure alumina first prepared from Bauxite ? Describe the 
electrolytic process of extraction of Aluminium. Give equations. 2+1+5 
(b) What do you mean by "amalgam"? What are its uses ? 2 
7. (a) Explain with reasons (Give equations) : 
(i) Metallic sodium is not obtained by the electrolysis of aqueous solution of sodium 
chloride. 
(ii) Caustic soda solution cannot be stored in an aluminium vessel. 
(iii) It is not possible to extract calcium by the carbon-reduction of calcium oxide. 
2x3 
(b) Identify A, B, C and D in the following reaction sequence and give equations to the 
reactions : 
Calamine + Coke powder uet Sy A CO; 


А * NaOH — —— B * HO 
А + Coke powder Н+ CO 
C+H,SO, ——> D + H, 1x4 


8. (a) State what happens when : (Give equations of the reactions) 
(i) A mixture of limestone, coke and sodium sulphate is heated. 
(ii) Carbon dioxide gas is passed through an aqueous solution of sodium chloride 
saturated with ammonia, 
(iii) Limestone is strongly heated and water is sprayed on the solid residue obtained. 


3x2 
(b) Briefly describe with equations : 
(i) Preparation of common alum from bauxite. 2 
(ii) Rusting of iron. 2. 
Group 'C' 
Answer any four questions. 
9. (a) Write down the IUPAC names of the following compounds : 
e 
(i) те mM UA 
OH 
eH eu 
(ii) CH,—CH—CH—COOH 1+1 


(b) Write down the structural formulae of the following compounds : 
(i) But-3-en-1-ol 
(ii) 1, 3 Dichloro-2-propanone. 1+1 
(c) Draw the spatial arrangement of four valences of a saturated carbon atom in three- 
dimensional space. What is the magnitude of the angle between any two of these valences ? 
241 
(d) Electronic configuration of the carbon atom is 1s? 2s? 2р?. How, then, the covalency of 
carbon becomes 4 ? 2 


[iii] 
(e) Give the chemical name of the following compound : 1 
HN, ey 
ч A COOH 

10. (а) Give the equation of the reaction for the preparation of acetylene from calcium 
carbide. How is acetylene collected ? How is the gas purified ? 1+1+1 
(b) What happens when acetylene gas is passed through an ammoniacal solution of cuprous 

2 


chloride ? Describe, the reaction giving equation. 
(c) How can ethanol and acetic acid be obtained from acetylene ? Show the steps of the 
2. 


reactions by arrow-heads. „+2, 
11. (a) What do you understand by haloform reaction ? Describe giving equations of the 
reactions the preparation of pure chloroform from ethyl alcohol in the laboratory. 2+5 


(b) Write down the names and formulae of a secondary alcohol, an aldehyde and a ketone 
which respond to the haloform reaction. 3 
12. (a) State what happens when (Give equations of the reactions) : 
(i) Sodium ethoxide and an alcoholic solution of ethyl iodide are mixed and the mixture 
is refluxed. à 
(ii) Acetaldehyde is kept in contact with dilute sodium hydroxide solution. 
(iii) Acetamide is heated with caustic potash and bromine. 3x2 
(b) Name the reagents that are required for effecting the following changes : 1+1+1+1 
H COOH 


NH, Cl 
(iv) CY سے‎ Су 


13. (a) Describe briefly how is pure phenol obtained from coal 
become coloured on keeping in open air ? 

(b) How can phenol and aniline be converted into one another ? 2+2 

(с) How will you detect phenol in the laboratory ? 1 

14. (a) An organic compound А on ozonolysis produces two organic compounds Band С. 
Both В and C on reaction with Fehling's solution produce a red precipitate. On mixing B with 


50% caustic soda solution and on heating the mixture, B produces an acid andan alcohol. C does 


i ion. But on reacting C with dilute caustic soda solution, aldol or 3- 
| not take part in such a reaction. Bu g мүн MET end 
6 


hydroxybutenal is obtained. If the molecular formula for A be C 

show the reactions briefly: | уп * 
(b) How would you distinguish between the compounds following pairs in the ? 

(i) Ethanol and Methanol a 


(ii) Acetic acid and Formic acid. 
ot ALAS 


аг: Why does phenol 
4+1 


liv] 
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Attempt ALL questions. 
Time Allowed : 3 Hours. Full Marks : 100 
The figures in the margin indicate marks for each question 
1. (a) State Le Chatelier Principle. 1 


(b) Below is given a reversible reaction at a fixed temperature : 
№0) + 3H2(g) &* 2NH«(9) + 22 К cal. 
(i) Write the equation for k, of the above reaction. 1 
(ii) What is the relation between k, and k, for the above reaction? UA 
(iii) What will be the effect on the point of equilibrium of the reaction if the pressure of 
the system is increased at equilibrium at fixed temperature? Will the numerical value of k, 
change under this condition? TUA 
(c) The reaction between zinc sulphate solution and hydrogen sulphide is reversible. The 
equation for the reaction is : 
Zn**(aq) + H,S(aq) = ZnS(s) + 2H*(aq). 
Colourless Colourless White 
What substance (other than one of the reactants and products) could you add to the mixture 
at equilibrium to make more zinc sulphide? 1 
2. Name the element predicted by Mendeleev as ekaboron and indicate its position in the 
periodic table. Arrange the elements of the third period in the order of increasing atomic 
number. Explain why the electronegativity increases along a period from left to right but 
decreases down a group when atomic number increases in both cases. Justify, mentioning two 
points, the inclusion of Ca and Mg in the same group of the periodic table. — 114241 
3. (a) “Water is ап amphiprotic solvent". Explain with chemical equations the “acid-base” 


character of water. 2 
(b) HO and HS are hydrides of elements of the same group of periodic table but one is 
liquid and the other is gas at room temperature. Explain. I 
(c) To an aqueous solution of borax phenolphthalein is added and then glycerol. Write 
observations and inference. 172 
4. (а) An element (take the symbol as M) has 26 protons іп the nucleus of its atom. Write 
the electronic configurations of M* and M**, ИГ, 
(b) (i) Will 2% 0 апа *$,U show the same radioactivity ? Answer with reason. 1 
(ii) Of the following three isotopes of Pb, which one is the end number of the radioactive 
series starting with Th ? 1 
219 Pb, %8 Pb and aS pb. 
(c) à Find out the uro number of sulphur in S,0,2-. Nu 


(ii) Write balanced equation for the reaction between copper (II) sulphate and Bios: 
phine. Show from the consideration of oxidation number whether the reaction is a redox 
reaction or not. 17, 
5. (a) Calculate the molarity of a solution that contains 1.22 gofhaemoglobin (MW 68300) 
in 165 ml of solution. 

(b) What volume of gas will be produced at 523 k and 1 atmosphere pressure by "d 
-explosive decomposition of 5 gram of ammonium nitrate according to the following equation ? 
2 NH,NO«(s) = 2N; (g) + О, (а)  4H;O (e) [Н = 1, N= 14, О = 16] 3 

6. (a) Define oxidation in terms of oxidation number and state its value for Mn in KMnO,. 
_IfMbe the molecular weight of KMnO,, what would be its equivalent weight in its reaction with 
ferrous sulphate in acid medium ? 2 


M 


(b) The following metals are arranged from top to bottom in the electropotential series : K, 
Ca, Mg,Zn, Cu, Ag. Predict (i) whether K or Mg will displace hydrogen gas from cold water 
more violently, (ii) whether К or Cu will act as more powerful reducing agent and (iii) whether 
Zn will displace Ag from a solution of Ag* or Ag will displace Zn from a solution of Zn**.3 

7. (a) A bucket of turbid river water does not becomeclear even on standing for a long time. 
Why ? How can you make this turbid water clear ? Explain. 17, 

(b) A patient with kidney failure is kept on dialysis. What is meant by dialysis ? What is the 
purpose of dialysis for the patient with kedney failure ? Explain. 1, 

8. (a) The atomic numbers of two elements А and B are 9 and 17 respectively. 

(i) The atom of which element (between A and B) is smaller in size ? 

(ii) Which has lesser electronegativity ? 

(iii) Which has greater oxidising property 2 

Answer with reason. 2 

(b) What information can be obtained about a molecule from the fact that its dipole moment 
is zero? Answer with two different examples. 1 

9. (a) How is galena (PbS) present as impurity removed from the ore zinc blende ? 1 

(b) In which of the followig cases flux is required ? 

(i) In the smelting of roasted zinc blende. 
(ii) In the extraction of iron from haematite in the blast furnace. 

Explain, Mention the name of the flux with the purpose it serves where it is required. 2 

(c) What is ‘anode mud’ in connection with the metallurgy of copper ? What is its 
importance? 2 

10. (a) How is anhydrous hydrogen fluoride prepared ? 2 

(b) A precipitate is produced when a gas mixture containing PH;, P;H, and Н, is pass 
through a HI-filled gas jar. 

(i) Write the name and formula of the precipitate. 


(ii) What reaction occurs between the precipitate and KOH solution ? 1+1 
(c) How can you explain that CO is combustible in air, but CO, is not ? 1 
11. (a) How can you prepare hydrogen peroxide from sulphuric acid ? 2 


(b) Give examples of 
(i) reducing property of HPO; 
(ii) peroxidising property of hydrogen peroxide 
(iii) acidic property of ferric oxide. 
12. (a) State, with equations, what happens when h 
potassium ferricyanide solution. 
(b) White phosphorus reacts with cold copper sulphate solution. 
(c) Metallic zinc reacts with cold and very dilute nitric acid. 
(d) Ammonia is passed through a suspension of gypsum in water and then carbon di-oxide 
is passed through the liquid. i 
(e) A mixture of calcium phosphate, coke and silica is heated in an electric furnace. 
13. Write, with equation, what happens when : н 
(а) Sodium sulphate is heated strongly with carbon and the residue is made to react with an 
aqueous solution of zinc sulphate. 


(b) Sodium aluminate solution is heated with ammonium chloride. 


(c) An aqueous solution of potassium iodite in which chloroform has been added is shaken 


gradually with chlorine water їп excess. 3 Aig 
(d) A mixed solution of sodium nitrate and caustic soda is heated with aluminium powder. 


(e) Fluorine reacts with cold dilute solution of caustic soda. 1х5 


1х3 
ydrogen peroxide istreated with alkaline 
1x5 


ivi 


14. Give a flow diagram for the Haber process for the synthesis of ammonia. 4. 

15. (a) What may be the cause of high boiling point of sulphuric acid? How chemists put 
the high boiling of sulphuric acid to practical use? Give one example.” 2 

(b) Will there be any problem if the amount of СО, in atmospheric air (i) greatly increases, 
(ii) greately decreases? Explain. _ 

16. (а) An organic compound (A) having the molecular formula C,H,Cl on reaction with 
hot caustic potash solution produces two isomeric alkenes (B) and (C). On ozonolysis of the 
mixture of (B) and (C) the following three compounds are obtained : 

(i) HCHO, (ii) CH,;CHO and (iii) СН,СН;СНО 
Find out the structures of (A), (В) and (С). 3 

(b) Two different oranic compounds (X) and (Y) when separately treated with iodine and 
caustic soda produce the same compounds—sodium ethanoate and iodoform. 

(i) What are (X) and (Y)? 1 

(ii) How can you convert (X) to (Y) and vice versa ? 1 
17. (a) How can you convert— 

(i) methane to acetylene ; 

(ii) sodium formate to sodium oxalate ; 

(iii) aniline to benzene? 1+1+1 

(b) (i) Urea апа, acetamide are separately treated with NaNO, and dil. HCI. Write the 
products in each case. 

(ii) Formaldehyde is treated with ammonia. Give the product with structure. 1'/, + '/, 

18. (a) How can you distinguish— 

(i) Formaldehyde and acetaldehyde ; 
(ii) Methyl alcohol and ethyl alcohol ; 
(iii) Benzyl chloride and chloro benzene ? 1+1+1 

(b) Explain and exemplify — 

(i) Haloform reaction ; 
(ii) Cannizzaro reaction. 1+1 

19. (a) Below are given one route (ROUTE 1) for the preparation of propane and one 
(ROUTE 2) for the preparation of methoxythane : 

ROUTE 1 


N 
CH;CH5Pr + СН;Вг C CH;CH;CH; + NaBr 
er 
ROUTE 2 


Heat 
CH;CH,I + CH;ONa —— ———9CH;CH;OCH, + Nal 
ROUTE 2 is a good method for the preparation of methoxyethane but ROUTE | is not 


a good method for the preparation of propane.—Why ? UA 
(b) How can you prepare ethylbenzene by using ethyne as the only organic substance and 
any material of your choice. 1, 


20. (a) How can you detect the presence of nitro group in nitrobenzene without using any 
acid? 


(b) Arrange the following compounds in order of increasing acidity : 1 
OH 


H— C=C — Н, H,CO;, CH,CH,OH 


(c) Which of the following compounds will react with NaOH ? 
CH;COCH;, CH,CH(OH)CH;, CH;CH;CHO, CBr,COCH, 1 


[мї] 


21. Unlike metals, crystals of ionic compounds do not conduct electricity.—Why ? „1 

22. Why aluminium chloride forms a dimer ? 1 

23. Two moles of sodium nitrate and one mole of potassium sulphate are dissolved in 1 litre 
of water. What other two salts may be used to prepare the same solution ? 

24. Write the structure of an organic compound containing seven hydrogen atoms which 
produces a white precipitate when conc. HCI is added to it, but the precipitate dissolves on 
shaking with water. How does this happen ? 1 

25. Why ethanol, sodium dichromate and sulphuric acid are not mixed together initially and 
then distilled in the preparation of acetaldehyde ? 1 


26. How many neutrons are there in 5 x 10 mole of *C ? 1 
27. What is meant by 10 volume H,0,? 1 
28. A trihydric alcohol is used in domestic purpose. Write structural formula. 1 


29. Sulphur di-oxide gas is passed through acidified potassium permanganate solution. 
Write balanced chemical equation. 1 

30. FeS; is burnt in oxygen. Show the products with balanced chemicai equation by 
oxidation-reduction method. 3 1 


H. S. CHEMISTRY : 1996 
Second Paper 
Time : 3 Hours Full Marks : 80 
Special credit will be given for answers which are brief and to the point. Marks will be 
deducted for spelling mistakes, untidiness and bad handwriting. Figures in the margin 
indicate full marks for the questions. í 
Group 'А' 
Answer any two questions. 

1. (a) Write down the electronic configuration of Na* and O^ 2 

(b) Choose the correct answer : : 
The number of p-orbitals possible for L shell is 

(1) 1 (ii) 2 (iii) 4 (iv) 3 (v) 6 (vi) 5 

(c) Eight alpha particles and six beta particles are emitted successively by an atom of 280. 
Find the mass and atomic number of the resulting atom. 2 
(d) A sample of oxygen gas contains only O'S isotope. Find out the number of protons in s$ 


litre of the gas at N. T. P. 
(c) What is the difference between chemical change and radioactive change ? d 
2. (a) All molecules with polar bonds may not have dipole moment—Explain. 2 
(b) Indicate the nature of bond in the following compounds : 
(i) KO (ii) MgiN; (їй) СО (iv) НСІ (gas) 
(c) Which of the following compounds are dipolar ? 
(i) BF, (ii) NH; (iii) ES (iv) СО, 
(d) Explain why : 
(i) NaCl is soluble in water but not in benzene. MT 
(ii) Although both oxygen and sulphur are in the same group of the periodic table, the 
hydride of oxygen (H;O) is a liquid: but the hydride of sulphur (Нг) is a gas at ordinary 
temperature. | дий 
3. (а) What do you understand by electronegativity of an element ? How does it differ fom 


electron-affinity? i Я oti 
Arrange the following elements in order of their increasing electronegativity : 1 


О, Te, Se, S 


2 


242 


CH-I1/66 


[viii] 


Arrange the following elements in order of their decreasing electron-affinity : 1 
СКВЕР { : 
(b) The electronic configuration of the atom of an element is 1s?2s?2p°3s*3p°3d"°4s" 
In which group and which period of the periodic table does the element belong ? 
What is the atomic number and valency of the element ? 
(c) Mention two defects of Mendeleei’s Periodic Table. 
(d) Discuss the position of hydrogen in the periodic table. 
4, (a) Find the oxidation number of the underlined elements : 
(i) Н.О, (ii) РО (iii) MnO, (iv) NH" 
(b) Balance the following equation by oxidation number method : 
KMnO, + НСІ > KCI + Cl; + MnCl, + ЊО 
(c) Addition of hydrogen does not always lead to reduction and addition of oxygen does not 


NNN ee 


N 


always mean oxidation—Explain with example. 2+2 

(d) How can an idea about the reducing power of a metal be obtained from electropotential 

series ? i 2 
Group 'В' 


Answer any two questions. 
5. (a) Both the metals iron and zinc are extracted by carbon reduction process. Can zinc be 


extracted in the same way as iron is extracted in blast furnace? Explain. 2 
How would you remove small amount of cadmium from zinc ? 2 
(b) Explain why aluminium cannot be extracted from bauxite by carbon reduction 
process. 2 
Is it possible to extract aluminium by electrolysis of alumina alone ? e 
Zinc may be extracted by electrolysis of zinc sulphate solution. Can aluminium be extracted 
similarly by electrolysis cf aluminium sulphate solution ? 2 
6. (a) Why in the preparation of plaster of paris, the.charge is not allowed to come in contact 
with any carbonaceous matter? 2 
(b) АП ores are minerals, but all minerals are not ores.—Explain with example. 2 
(c) Why anhydrous aluminium chloride cannot be prepared by heating the hydrated salt? 
How is it prepared ? 1+2 
(d) Arrange the following substances in order of increasing carbon-content : í 1 
Wrought iron ; Casi iron; Steel 
(e) What is blue vitriol ? What happens when it is heated ? 2 


7. (a) Write down the principle of thermit process. Name two metals which may be obtained 
by this process. 2 
(b) What is passivity of iron ? How can passivity be removed ? 

(c) Compare galvanisation with tinplating. Which one is more useful to prevent rusting ? 
2+1 


ve 


(d) (i) Name the major constituents of bronze ? 
(ii) Chalcopyrite and magnetite are ores of which metals ? 
(iii) Write down the chemical formula of bleaching powder and common alum. 3 
8. (a) State with equations what happens when : ( 2+2+2 
инн (1) Sodium nitrate solution is heated with zinc dust and caustic soda solution. 
(ii) Ammonia solution is added to copper sulphate solution. 
' (fij) Caustic soda solution is slowly added to aluminium sulphate solution. 
(b) The following metals are arranged in order of electropositivity : 
Na > Ca > Al > Zn > Fe > Ni > Sn >H > Cu» Ag» Pt 


[x] 


Now answer the following questions : 1+1+1+1 
(i) Which one has more reducing power—Na or Zn ? 
(ii) Which metals will not liberate hydrogen on reaction with dil. H;SO; ? 
(iii) Which one is more basic—Na;O ог CuO ? 
(iv) Which metals are available in free state in nature? 
Group 'C' 
Answer any four questions. 
9. (a) Name the reagents necessary for the following transformations : 4 
(i) Chlorobenzene to aniline 
(ii) Benzene to acetophenone 
(iii) Anline to phenylisocyanide 
(iv) Phenol to benzene. 
(b) What are the chemicals present in the following compounds : р a 
(i) Brady's reagent (ii) Tollen's reagent (iii) Fehling's solution. 
(c) Which of the following compounds is not isomeric with diethyl ether ? 1 
(i) n-propyl methyl ether (ii) Butan-1-0l 
(ii) 2-methyl propan-2-ol (iv) Butanone. 


(d) Which one is a stronger acid,—formic acid or acetic acid ? 2 
How do you determine whether an acid is formic acid or acetic acid? 

10. (a) Write down IUPAC names of the following compounds : 2 
(i) Br CH; CH; COOMe j 
(ii) СН, CH = CH-CH, —C = CH 

(b) Mention the state of hybridisation of the marked carbons : 3 


(i) НС = CH - ССІ,-СН = СН, (ii) CsHs-C = CH (iii) C,H.-CH; (iv) СНО 
(c) Name an aliphatic acid with strong reducing property and give one example of its 
reducing action. 2, 


(d) Indicate whether the following compounds are acidic, basic or neutral : 2 
(i) Ethyl formate (ii) dimethyl aniline (iii) methyl acetylene (iv) dimethyl acetylene. 
(e) What are the following substances : 2 


(i) Formalin solution (ii) methylated spirit (iii) cartolic acid (iv) soap. 
11. How do you prepare toluene from benzene and vice-versa? Write down the names of the 
chlorination products of toluene. What happens when they are hydrolysed? 3+4+3 
12. How do you convert — 2x 5 
(a) acetonediacetonc alcohol 
(b) nitrobenzenephenylhydrazine 
(c).acetyleneethyi alchol 
(d) ethyl alchol—chloroform 
(e) acetaldehyne—acetone 
13. (a) Name the catalysts used in the following reactions : 2 
(i) Sandmeyer reaction (ii) Friedel-Craft Reaction (iii) Hydration of acetylene 
(iv) Chlorine substitution in benzene ring. 
(b) Which of the following compounds will react with AgNO, solution and why : 2 
(i) chloracetic acid (ii) acetyl chloride (iii) chlorobenzene (iv) aniline hydrochloride 
(c) How do you introduce the following function groups into the benzene ring : 2 


(i) -COOH (ii) -NH, 


bl 


(a) How do you separate acetylene from ethylene? «oth 2 
(е) How do you distinguish between diethyl either and ethyl alcohol? 2 
14. (a) AandB areisomeric compounds. On ozonolysis А yieldsethanaland pentanal while 
B ой similar treatment yields propanone and butanone. Identify A and B. 2 
(b) State what happens when acetaldehyde and. trimethyl acetaldehyde are separately 
treated with alkali. ) 2+2 
(c) Which of the following compounds do not respond to haloform test : 2 
(i) CH4COC4Hs .. (ii) CH;CH,COC Hs 
Gii) CHACHO . (iv) СЫ,СН,СНО 
(v) CH,CH,OH (vi) CH;OH 
(vii) CH;CH(OH)CH; (viii) CH;CH,CH,OH 
(d) Give one example of each of the following : 2 


(i) Polymerisation reaction (ii), Fermentation. 
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1. (a) What are the essential differences between the phenomena of “Osmosis” and 
“Diffusion” as applied to a solution? State one practical use of each. 1+1 
(b) Calculate the molarity of 1 titre of pure water at 4° C. Will this molarity change if the 
sample of water is cooled to 0°С or heated to 100°C? Will your conclusions be same for 
molality? t i 1 1+1+1 
2. (a) How can you distinguish between a true solution and a colloidal solution by a simple 
physical process in the laboratory? Mention an industrial application of the physical property 
of a colloidal system made use of in the'above physical process. : 1+1 
(b) The radioactivity of 1 gm of a radioactive radium sample is | curie. What amount of 
radioactivity will be shown by the radium sulfate saltobtained by reacting this sample ofradium 


completely with 20 ml. of 3NH,SO,? Explain your result. DH 
(c) The dipole-moment value of HF molecule is 2.00 D. The HF bond distance is 0.92 А. 
Calculate the percentage ionic character of HF bond. УА 


3. (a) A solid element burns in oxygen without a change in volume (of gaseous substances) 
under the same conditions of temperature and pressure. If the gaseous product has density of 
32, what is the element and what is its equivalent weight? р 2, 

(b) What is the nature of the graph if logarithm of pressure of an ideal gas is plotted against 
logarithm of its volume at a definite temperature ? Will the nature of plot change if logarithm 
of (PV) product of an ideal gas is plotted against pressue of the gas at constant temperature ? 


‹ 7 1+1 
(с) Why Моһг salt is a double salt but not potassium ferrocyanide:?. 1 
14, (a) State Gay Lussac's law. 1231 й 1 


(b) Two oxides of an element A contains 27.5 and.30.0 per cent oxygen respectively. The 
formula of;the second one is A20. Calculate the formula of the first one. 2 
(c) State the law of constant proportion. Point out exception, if any. Is. the converse 
statement of the law always true ? Your answer must be supported by examples. 2 
5. (a) Using Faraday's laws how can you calculate the value of the charge on a Cu? ion in 
the appropriate units ? What is the value of this change ? I Ed. 


(b) Опе:ргаш of a radioactive material with a half-life period of 2 years is stored for six 
years. How much of the material remains intact? ? W 
(c) 8.25 gm. of a saturated solution of sodium carbonate at 27°C, required-138.ml. of 0.25 
N hydrochloric acid for complete neutralisation. Calculate the solubility of sodium carbonate 


at 27 C. І 1J/ 
6. (a) Haemoglobin was found to contain:0.335% iron (At wt of Fe = 56). The реб 
wt of Haemoglobin is 1.67 х 10*, Find the number of Fe atoms in the Haemoglobin. 2 


(b) When 0.75 mole solid Ay and 2 mole gaseous O, heated in a sealed vessel (bomb), 
completely mixing up the reactants and producing only one compound (gaseous), it is found 
that when the temperature is reduced to the initial temperature, the contents of the vessel exhibit 
a pressure equal to half the original pressure. Find the formula of the compound formed 
explaining the observation. gne 

7. State how the following informations are symbolised in a chemical reaction like 


A+B 4C+D 
(a) Exothermic nature of the reaction ; у 
(b) Endothermic nature of the reaction ;. JH 
(c) A compound is formed as precipitate ; |; 
(d) One of the reactants is in aqueous solution form ; ut 
(e) A gaseous product is formed ; s 
(f) A reversible reaction. Уд 
8. (а) Find (1) the total number of neutrons, and (ii) the total mass of neutrons in 7 mg of “С. 
[Assume the mass of a neutron to be equal to the mass of a hydrogen atom.] 2 
(b) What is the product formed by the decay of "C, which is a B-emitter ? To which group 
of the periodic table does the product belong ? el, 
9. Write, giving equations, what happens when : 1х5 


(а) A paste of bleaching powder is heated with a few drops of cobalt chloride solution. 

(b) Ozone is passed into an aqueous solution of potassium iodide and the resulting solution 
is tested with litmus. 

(c) SO; gas is passed into a suspension of MnO; in cold water. 

(d) Aqueous solution of ferric sulphate and potassium iodide are mixed. 

(e) Ferric oxide is fused with sodium carbonate and the product treated with hot water. 

10. A green amorphous powder (A) when heated gives off a colourless gas (B) which turns 
lime-water milky and the black-residue (C). (C) dissolves in dilute НСІ and the resulting 
solution gives a chocolate precipitate on adding potassium ferrocyanide solution. (A) dissolves 
in НСІ with the evolution of a gas which is identical in all respects with (B). The solution of 
(A) as obtained above gives a black precipitate (D) on passing HS. Another portion of this 
solution gives a precipitate (E) with NaOH solution and the precipitate remains unaffected on 
further addition of the base. Identify the compounds (A) to (E). 5 


11. (a) Write an equation to illustrate each of the following metal extraction; principles : 
| кке ы 


(1) self reduction process, ' 

(ii) thermit process, Є * 

(iii) carbon reduction process. 4 
(b) In thecarbon reduction process of extracting magnesium, state thé temperature at which 
the reduction is carried and add a note on the process of collection of the metal and formation 
of metallic slabs. i 2 
12. (a) Explain the following * ae = T T 1x3 
(i) Aluminium cannot be extracted from purified bauxite by carbon reduction process. 


bai] 


(ii) Sodium can be extracted from fused NaCl by electrolysis but not form fused NaNO,. 
(iii) A basic flux is used in the extraction of iron whereas in the extraction of copper an 
acidic flux is used. 


(b) What is the real reducing agent of haematite in the blast furnace? What is tempering ? 


What is its utility ? I eM, 
13. (a) State the electrodes, electrode reactions and conditions for 

(i) extraction of Na from fused NaCl by electrolysis ; 2 

(ii) preparation of NaOH from МаС1 solution by electrolysis. 2 


(b) When solution of Zn* was added to a solution of NaOH, a clear solution was obtained. 
When NH,CI was added to the clear solution, Zn(OH); precipitated. Explain these observations 
using chemical equations. 1 

14. How can you carry ош the following preparations ? (give reagents, reaction conditions 
and arrowhead conversions only) : 1x4 

(ii) Sulphur di-oxide at room temperature, 

(ii) Carbon monoxide from marble, 

(iii) Minium from litharge, 

(iv) Ammonium sulphate without using sulfuric acid. 

15. (a) What changes are observed when cobalt nitrate solution is added to alumina hited 
to a high temperature ? | 

(b) Why the wodden shelf under the reagent bottle containing concentrated Н SO, blackens 
after some time ? | 

(c) How will you distinguish between borax and boric acid by a single chemical test? | 

(d) ‘Iron pyrites is not directly smelted in the blast furnace to produce pig iron’ —why ? 

1 

16. Identify the compounds marked [А], [В], [C], [D] etc. in the following sequence of 


reactions : 
А 
(a) CH.COOH I А}, CH;COCI 18, СН,СОСНМ, Ed CH;CH;,COOH. 1'/, 


CHCI, CH=CHCHO 
(b) (a) [A] JeMA] (anhydrous AIC] AlCl) NN (а) [D]. 
qBhmvos УУТ 50) ЧЫТЕ 
CHO CN(OH)CN 
[A] + [B] 
AICI; (onhydrovs) Ty 
17. State what happens : 

(a) when acetamide is treated with caustic soda in presence of bromine ; 1 
(b) when chlorine gas is passed through boiling toluene ; i 
(c) when glacial acetic acid is heated with PCl; 1 
(d) glacial acetic acid is treated with acetylene gas in presence of HgSO, and the resultant 
product is distilled ; 1 
(e) phenol is treated with zinc dust. 1 


18. How will you carry out the following conversion ? 
(a) Carbon di-sulfide into chloroform ; 17, 
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(b) Quick lime into benzene ; 17 
(c) Benzene into phenyl acetic acid. 2 
19. What happens in the following cases when : 1x3 


(a) acetone is heated with hydrazine followed by sodium ethoxide ; 

(b) toluene is treated with chromyl chloride and the product is hydrolysed ; 

(c) benzaldehyde is heated with acetic anhydride in presence of sodium acetate at 180°С. 
20. How will you distinguish between the following pairs of compounds by chemical 


method ? 1x3 
(a) Benzyl chloride and chlorotoluene ; 
(b) Acetone and ethyl alcohol ; i 
(c) Methyl amine and methyl ethyl amine. 
21. What is the role of limestone in the extraction of iron? x T 1 
22. Arrange in the descending order of carbon contents : 4 
stainless steel, mild steel, cast iron and wrought iron. 

1 


23. Explain why (NH,),SO, solution is acidic. 
24. Name the catalyst used in the contact process of manufacturing Н›$О,. 1 
25. Which of the following has the highest boiling point ? 
H; He, Ne, Xe, CH. ib 
26. Does the H*ion concentration of pure water change with temperature (increase, decrease 
or unchanged) ? 1 
27. What is the percentage of silver in "German silver"? 
28. Name a non-metal which can liberate hydrogen from an alkali. 1 
29. Petrol fire cannot be extinguished by spraying water —why? 1 
30. Which of the following compounds is used in the preservation of biological 
specimens ? 1 
(i) CH;CH;O (ii) CH:COOH, (iii) CH.-O-CH; (iv) HCHO. 


1 
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Group 'А' 
Answer any two questions. 

1. (a) What are the maximum number of electrons that can 


Time : 3 Hours 


be accommodated in 4d and y 


subshells ? 
(b) Write down the electronic configurations of Ca* ion and Ne atom. 2 
(c) Give the symbols of two natural radioactive isotopes of uranium. 2 
(d) What is the unit of radioactivity ? i 


(e) Complete the following nuclear reaction : 
{He +N 22*;H Р 
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(f) How many « and f particles are emitted in the following transformation ? 2 


"Th. — "XPb 
2. (a) Indicate the nature of bonds in the following compounds: ` 4 


(i) NaH (ii) NaCl (iii) H:O; (iv) PCI; 
(b) Giveexampleofa molecule in which the central atom contains less than eight electrons 
in the outermost shell. в 1 
(c) Give one example of intramolecular hydrogen bonding. 1 
(d) Explain why : j 2 
(i) Н-Е bond is more polar than Н-С1 bond. 
(ii) Aqueous solution of gaseous HC! is acidic, but solution of HCl gas in benzene has 
no acidic property. 
(e) Mention two differences in the properties of electrovalent and covalent compounds. 
2 


3. (a) State the groups and the periods ofthe periodic table in which the elements of atomic 
numbers 18 and 26 occur. State the possible valencies of these two elements ? 2+2 

(b) In which group of the periodic table do the elements existing in all the three states— 
solid, liquid and gaseous at ordinary temperature are found to occur ? Name these elements. 


1+2 

(c) What is meant by electronegativity of an element ? 1 
Discuss the variation of electronegativity of élements along the second period of the 
periodic table. 2 
4. (a) What do you mean by oxidation state and oxidation number of an element? ? 2 
Indicate the oxidation numbers of phosphorus in H;PO; and HPO, ? 2 

(b) Balance the following equation by oxidation number method : 2 


Cu + H;SO, — CuSO, + SO; + H;O. 
(c) Calculate the equivalent weight of K,Cr,O, when it acts as an oxidising agent in acid 
medium ? 2 
(Formula weight of KCrO; is 294.2) 
(d) Answer the following questions with the help of electro-potential series metals: 2 
(i) Of the two metals sodium and aluminium, which one is the stronger reducing agent 
and why ? 
(ii) Of the two metals iron and copper, which one is more reactive and why ? 


Group — B 
Answer any two questions. 
5. (a) Distinguish between : 
(i) Gangue and slag, (ii) Calcination and roasting. 4 
(b) Write down the chemical equations for the reactions taking place in the blast furnace 


during extraction of iron. 3 
(c) State the percentage of carbon in cast iron, wrought iron and steel. 3 
6. How would you prepare the following substances ? (Give equations where necessary) 
(a) Sodium carbonate from sodium chloride 3 
(b) Alum from bauxite 1 3 
(c) Bleaching powder from lime-stone. 4 
7. (a) How would you prepare crystalline copper sulphate from copper pyrites ? Describe 
with equations. 4 
(b) State with equations what happens when : 3x2 


(i) An iron knife is introduced into copper sulphate solution. 
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(ii) Potassium iodide is added into copper sulphate solution. 

(iii) Copper sulphate crystals are heated. 

8. (a) State, with suitable examples the basic principle of self-reduction process for 
extraction of metals. 4 

(b) Why sodium cannot be extracted by electrolysis of aqueous solution of a sodium 
salt ? What electrolyte is used in the extraction of sodium by electrolysis ? 


Give equations of the electrode reactions of this process. 4 
(с) Name a noble metal and a metalloid, 2 
9. (a) How would you introduce the following functional groups into the benzene ring ? 
Describe using flow diagrams : 4x2 
(i) CH; (ii) NH, 
(iii) SO.H z (iv) СІ. 


(b) An alkene gives acetone and acetaldehyde on ozonolysis. Identify the alkene and give 
its IUPAC name. 1 2 
10. How would you differentiate between ? 5x2 
(a) 1-propanol and 2-propanol 
(b) Methanoic acid and ethanoic acid 
(c) Nitrobenzene and aniline 
(d) Chlorobenzene and benzylchloride 
(e) Acetaldehyde and benzaldehyde. 
11. How would you prepare the following compounds ? 5x2 
(a) Benzene from acetylene 
(b) Diethylether from ethanol 
(c) Benzylchloride from benzene 
(d) Ethyl alcohol from methyl alcohol 
(e) Formic acid from acetic acid. 
12. (a) Give example of : 4 
(i) An alcohol that responds to iodoform test: 
(ii) An alkyne that does not give red precipitate with ammoniacal cuprous chloride 
solution. i 
(iii) A reaction common to both aldehyde and ketone. 
(iv) A reaction that takes place with formaldehyde but does not take place with 
acetaldehyde. 
(b) Describe the production of alcohol by fermentation process and give identity of the 
following substances : 4+2 
(i) Rectified spirit 
(ii) Absolute alcohol. 
13. State what happens when : 5x2 
(a) A mixture of chloroform, aniline and alcoholic potassium hydroxide solution is 
heated. ) 
(b) Phenol is refluxed with chloroform and caustic soda solution and the product is 
acidified. ] ( 
(c) Acetamide is allowed to react with a mixture of sodium nitrite and dilute hydrochloric 
acid solutions. 
(d) Acetaldehyde is allowed to react with methyl magnesium iodide at low temperature 
and the product is hydrolysed. 
(e) Acetone is distilled with concentrated sulphuric acid. 
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14. Explain why : 5x2 
(a) Ether is insoluble in alkali but soluble in acid. 

(b) Formic acid cannot be dried with concentrated sulphuric acid. 

(c) Phenol is acidic but ethanol is not. 

(d) Formic acid is a reducing agent but acetic acid is not. 

(e) Boiling point of ether is much lower than that of ethanol. 
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1, (а) Write the ideal gas equation and state why the gas constant in this equation is called 
universal gas constant. What is the difference between real gas and ideal gas? 1/,+ 1+, 
(b) Show graphically the relationship between volume and temperature «d constant 
pressure and from there explain the concept of absolute zero. 1+1 
(c) Calculate the value of the universal gas constant in Litre-atmosphere. 1 
2. (a) Find the unit of ( == кт ) where, F, is Faraday. 1 
(b) A metal wirecarriesa d current of І ampere. How many electrons pass a point in the wire 


in I sec? 2 
(c) Current of 2.00 amp. passing for 5 hr. through a molten tin salt deposits 22.2 gm Si 
What is the oxidation state of the tin in the salt ? [At. wt. of tin = 118.7] 2 


3. (a) Atomic number is a better standard of periodicity than atomic weight.—Justify. 


1 
(b) Why the electron affinity of fluorine is lesser than that of chlorine ? 1 
(c) What is "Lanthanide Contraction"? 1 
(d) Which one is more alkaline, MgO or А10? Why ? 1 
(e) Why is (һе ionisation potential of Be more than that of B ? | 
4. (a) State Dulong and Petit law of heat capacity of solids. 1 
(b) Two 10 gm of bars of two metals (at. wt. = A, and at. wt. A;) are heated to 60°C and 
then immersed in identical, insulated containers each containing 200 gm of water at 20°С. 
Which metal will cause a greater temperature rise in the water ? (Given : Aj > A;) 2 
(c) Arrange the solubility of AgCI in decreasing order in the following solutions: 1 
H20, 0.1N AgNO,, 0.1N KCl, 0.1N CaCl). 
(d) For which of the following species, Bohr's theory does not apply ? 1 
(i) H (ii) H* (iii) He* (iv) Li? 
5. Name the process by which you would separate : 
(a) Ammonium Chloride from its mixture with NaC}. 1 
(b) Sodium Chloride from its mixture with Sodium sulphate: 1 
(c) Calcium Fluoride from its mixture with Calcium chloride. 1 
(d) 10 c.c. of +; Na,CO; solution is titrated with т HCI solution from a burette using : 
(i) Methyl Orange as indicator. (ii) Phenolphthalein as indicator. Will the two porede 
readings be same ? If not, why not ? Explain your answer. 
6. (a) 4.08 gm of mixture of BaO and an unknown carbonate МСО, was heated stron 7" 
The residue weighed 3.64 gm. This was dissolved in 100 ml of IN НСІ. The excess of acid 
required 16 ml of 2.5N NaOH for complete neutralisation. Identify the metal M. 
(b) Arrange the following in order of increasing H* ion concentration : 1 
0.1N NaCl, 0.1N NH,CI, 0.1N NH,CH,COO, 0.1N NaCH;COO. 
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7. (a) Give the set of quantum numbers that describe an electron in a 3p orbital: 1 

(B) Give the electronic configuration of Ni and Ni* (At. no. of Ni —28). Find the number 
of unpaired electron in each case. 2 

8. State with reason whether the two reactions noted below are oxidation-reduction 
reactions or not : 
NaCl + AgNO; = АгС1 + NaNO, 
2Н;5 + SO; = 35 + 2H;0 

Which one is the oxidising agent and which one the reducing agent ? Name the oxidised 
and reduced producis. 241 

9. (a) State what happens when air and steam are passed alternatively over a bed of, red hot 
carbon. State one industrial appli@ation of this reaction. re 2 

(b) CO, gas is passed through ammoniacal brine solution at 35°C. State-one industrial 
application of the reaction. í ius 

(c) Ferrous sulphate crystals are heated in presence of air. State one industrial application 
of the reaction. TA 

10. (a) How would you prepare 'pure' bauxite for electrolysis purpose from crude bauxite? 

2 

(b) How would you prepare AICI, from Al,O,? Give equation. d 

(с) State the commercial preparation of bleaching powder’. What is 'available chlorine' of 
a sample of bleaching powder ? 2 

11. (а) B isa gas with a distinctive smell. It is neutral and turns starch-potassium iodide 
paper blue. When B is heated and then cooled back to room temperature, the volume is found 
to have increased by 50% (measured at the same pressure). Identify the gas. 2 

(b) Classify the following elements having atomic numbers as given below into three 
separate pairs on the basis of similar chemical properties : 9, 12, 16, 34, 53, 56. 3 

12. (a) Why aluminium is not extracted by carbon reduction of alumina ? (b) What is the 
function of fluospar in electrolysis of alumina ? (c) What happens if the content of alumina in 
the electrolytic bath falls below a certain percentage ? (d) What is sodium ferrite ? (e) What is 
Calorising' ? 1x5 

13. Name the metals present in : 1x5 

(a) Bronze, (b) Stainless Steel, (c) Monel metal, (d) Calamine, (е) Duralumin. 

14. (a) What do you understand by 20 volume H,0,? Calculate the percentage composi- 
tion of this H;O». 27, 

(b) Calculate the hardness of a water sample in ppm which contains 0.01 gm MgCl 
per litre. EE 

15. (a) How would you remove 

(i) nitric oxide from a mixture of nitric oxide and nitrogen ? 
(ii) ammonia from a mixture оЁ ammonia and oxygen ? 

(b) Suggest tests which could be used to distinguish among NO, N:O; and NO». 

16. (a) Label the secondary hydrogen(s) in 2-Methyl butane. 

(b) Which of the isomeric butyl alcohols give positive iodoform tes! 
only. 
(c) Which of the following compounds will give effervescence with NaHCO;? 

Phenol; Benzoic acid; Aniline; Aniline hydrochloride. 1 
(d) Ozonolysis of compound А(СьН) yields two equivalents of acetone and i 


equivalent of OHC-CH;-CH;-CHO. Give the structure of A. н 
i (e) Adipic acid (С.Н,О,) is a homologue of oxalic acid ( con | FindXand Y. ! 


COOH 


1 


2 
1 


t ? Write the structure 
1 
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17. Mention one test to distinguish between (give equation) : 1x5 
(a) Nitro benzene and Aniline; (b) Benzene and Phenol; (с) Acetaldehyde and Acetone: 
(d) Methyl alcohol and Ethyl alcohol; (e) Methane and Ethylene 
18. How will you prepare? (Give equations only) : 1x5 
(a) Polyethylene from ethanol; (b) A primary amine from an amide; (c) Ethylene oxide 
from ethylene; (d) p-dinitrobenzene from p-nitroacetanilide; (e) p-xylene from toluene. 
. 19. Write the structure of 3-bromo-2-butanol. Which carbon atoms in the molecule are 
linked to four different ligands (atoms or groups)? Specify the ligands in each case. 


142 
20: (a) State the Marcownikof's rule. Give an example. ША 
(b) What is polymerisation reaction? Give an example. 11% 


21. Correct the following statement—Neutralised solution of an acid does not contain 
any H* or (OH) ion. 1 
22. Calculate the weights in gram of one fluorine atom [F-19, H-1]. 1 
23. Na* is more stable than Na. —Explain. 1 
24. How can you prove that aniline is basic in character? 1 
25. Name a metal which may be extracted from the respective ore by both electrolitic 
and carbon reduction process. 1 
26. How will you obtain D.D.T. from benzene? [Give equations only.] 1 
27. Which of the following are covalent? NaH, СО, K0, Ho, 1 
28. If three-fourth quantity of a radioelement disintegrates in two hours, find its half- 
life, 1 
29. Write the structure of a four carbon containing organic compound which dissolves 
in conc. H5SO,, but reappears on dilution with water. 1 
30. Name the constituents of the following alloys and mention one important use of 
each : 
(a) Duralumin; (b) Aluminium Bronze. 
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Group - A 
Answer any two questions 


1. (a) What is the difference between atomic number and mass mumber? 2 
(b) What is the shape of the p orbital? What is the maximum number-of electrons it 
can contain? 2 


(c) Name two radioactive elements. Some elements are radioactive, some are not— 


why? 2 
(d) Complete the following radioactive change : 2 
pe کد‎ ate ay B анор 


(e) Show the electron arrangementvin the atoms of atomic number 19 and 26, What 


special feature is noticed in the electron arrangement of these two elements? 2 
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2. (a) Indicate the nature of bonds in the following compounds : 
MgO; О»; НО; H5SO, 2 
(b) Name a compound in which all the three types of valencies—electrovalency, co- 
valency and co-ordinate co-valency—are present. 


Explain the valencies in the compound. z 

(c) Give example of a compound in which octet of element is not complete and give 
example of'another compound where octet of element has been extended. 2 
(d) Write down which of the following compounds are polar and which are non- 
polar : SO»; CO2; H20; ССІ 2 
(e) Give one example of each of intermolecular hydrogen bonding and intramolecular 
hydrogen bonding. ‘ 2 


3. (a) The electronic arrangement of the atom of an element is 
Is? 252 2p6 352 3p® 3d!9 45? 
Which period and group of the periodic table does this element belong to? What is 
the atomic number and'valency of the element? 2 
(b) ‘Position of hydrogen is controversial in the periodic table'—Give evidence in 
support of the statement. 2 
(c) Give one example of diagonal relationship in the periodic table. 1 
(d) What is inert gas structure? Name an inert gas. 1 
(e) Arrange the following elements in order of increasing metallic character : 
E EB: Cl 1 
(f) Arrange the following elements in order of increasing electronegativity : 
СІ, Mg, С, S s 
(g) Although both sulphur and oxygen belong to the same group of the periodic table, . 
the hydride of the former is a gas while the hydride of the latter is a liquid—Explain with 
reasons. 2 
4. (a) What is Oxidation number? 
The Oxidation number of the same element may be positive (+) in some of its 
compounds and again may be negative (—) in some other compounds—Show with % 
amples. 
| (b) Show with example the relationship between oxidation number and oxidation- 
reduction, 2 
Show by means of oxidation number which reactant (on the left hand side of the 
equation) has been reduced in each of the following two chemical reactions : 
2KI + 3H5S0, = 2KHSO, + I, + 2H20 + SO, 
2Na + Н = 2NaH е 2 
(c) Balance the following equation by oxidation number method А 
S + Н›$О; = SO, + HO : 1 
(d) Give one example of auto oxidation-reduction. dix ' 1 
(e) When zinc is added to copper sulphate solution, zinc dissolves and copper is set 
free. But when copper is added to zinc sulphate solution nothing happens—Explain "m 
reasons. 


Group - B 
Answer any two questions 
5. (a) Of the two metals sodium and copper—which one is extracted by self-reduction 


process and which one by electrolytic reduction process? State with reasons. -< 4 
(b) Of the two metals calcium and zinc—which one is extracted by carbon-reduction 


-ocess and which one by electrolytic reduction process? State with reasons. 4 
(c) Wi {һе difference between alloy and amalgam? Give one example of ет 
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6. (a) Why sodium is kept under kerosene? 2 
(b) Why some calcium fluoride is added during the extraction of calcium from cal- 
cium chloride? 2 
(c) What is Blister copper? What are the constituents of "Anode mud’ formed during 
electrolytic refining of copper? 2 
(d) Why: cryolite is mixed with alumina during its electrolysis? 
(e) What is the chemical composition of iron rust? What is stainless steel? 
7. How are the following substances prepared? (any Four) 21/5х 
(а) Alumina from bauxite 
(b) Anhydrous aluminium chloride from alumina 
(c) Plaster of Paris from gypsum 
(d) Sodium bicarbonate from sodium chloride 
(e) Blue vitriol from scrap copper. 
8.) State with equations: what happens whens: (any four) 2!/x4 
(a) Dry ammonia gas is passed over hot sodium at 400°C and the compound formed 
is allowed to react with water. 
(b) Steam is passed over red hot iron powder. 
(c) Excess of caustic soda solution is slowly added into aluminium sulphate solution. 
(d) Green vitriol is heated. 
(с) Excess of ammonium hydroxide is slowly added into copper sulphate solution. 


2 
2 
4 


Group - C 
Answer any four questions 
9. (a) Name the following compounds IUPAC system : 4 
() Hic (i) C)Hs CH — CHO 
HESE OH | 
сн; CH; 

Gii) CH; CO CH, CH; (iv) С›Н;О С,Н; 
(b) Although the electronic configuration of carbon is Is? 2? 2p?, its valency is four— 
Explain, 2 


(c) How are the bonds of carbon directed in space in the three compounds—methane, 
ethylene and acetylene? 
What do you understand by primary, secondary and tertiary carbon atom? 
(d) What are homologous series? 
10. (a) How will you test the presence of unsaturation in an organic compound? 
(b) What is Fehling solution? Write down its one use. 
(c) How will you remove —NH»;, —OH and —COOH group from benzene ring? 
Give example. 
11. (a) What is formalin? Write its use. 
(b) What is Oil of Wintergreen? How do you prepare it? 
(c) How do you distinguish between acetamide and benzamide? 
(d) How do you test the purity of a sample of chloroform? How do you identi 
chloroform? 
(e) Why methane is called marsh gas? 
(f) Name two petrochemicals. 
12. (a) How do you prove the acidity of acetylene? 
(b) Name an organic compound which is acidic as well as,a reducing agent. Giv 
example of both the properties. 
= (с) What are the products of chlorination of toluene under different conditions? 
What happens when the products are hydrolysed? 


3 
1 
2 
2 
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13. How do you convert? 2х5 
(a) Acetone ——— —— —9 Propane 
(b) Toluene ———————9 Benzaldehyde 
(c) Aniline -—————> Chlorobenzene 
(d) Acetaidehyde ——— ———9 Aldol 
(e) Nitrobenzene  ——————9 Phenyl hydroxylamine 
14. (a) What is Markownikoff’s rule? Give one example of its exception. 
(b) Write one use of each of anhydrous AICI; and LiAIH,. 
(c) Ethyl alcohol is miscible with water, but diethyl ether is not—Explain. 
(d) How do you ascertain whether a compound is aniline hydrochloride or not? 
(e) Give Example : 4 
(i) A primary alcohol which responds to iodoform test. 
(ii) An aliphatic aldehyde which gives Cannizzarro reaction. 
(iii) A saturated cyclic compound with six carbon atoms. 
(iv) Metamerism. 
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1. (a) (i) Which elements are called transitional eiements? 
(ii) Can Cu (atomic number 29) and Zn (atomic number 30) be called transi- 
tional elements? Explain. 1+2 
(b) Name one property which is not a periodic property of the elements. 1 
(c) Calculate the atomic volume of sodium (atomic mass = 23). The density of 
sodium is 0.972 g/ml. 1 
2. (a) Below are given atomic mumber of five elements : 
(i) 12, Gi) 17, (iii) 18, (iv) 19, (v) 21. 
With which of the above elements an element of atomic number 20 has the greatest 
tendency to combine chemically? Explain mentioning the nature of the bond. 3 
(b) A nucleide, 7 X, emits successively m numbers of a-particles and л numbers of 
f-particles. Write the symbol of the end nucleide (;Y). 
(c) Complete the following equation. ‚ 
Ве+?=6С+? 
3. (a) In which of the following least number of molecules are present? 
(i) 1.12 litre-of SO; at S.T.P., (ii) I g mol of SO, (iii) 32 р of SO», (iv) 4 
x 1023 molecules of SO». Explain. 2 
(b) (i) A sample of hydrogen gas occupies a volume of 69.37 cm? at a pressure of 
exactly 1 atm when immersed in a mixturéof ice and water, When the gas (at the same 
pressure) is immersed in boiling benzene, its volume expands to 89.71 ст?. What is the 
boiling point of benzene? 
(ii) In the above example the temperature has not been measured by using 
mercury. How then is the temperature measured here? 2+1 
4, (а) On which of the following depends the. choice of indicator in an acid-alkali 
titration? 
(i) Only acid, (ii) only alkali, (iii) both acid and alkali, (iv) none of these. 
Explain. { й 
(b) What volume of 98% sulphuric acid (specific gravity 1.84) is required to prepare 
1 litre of 2M, sulphuric acid? [H = 1, О = 16, S = 32] Ите 
5, (a) When a hydrogen bond is symbolised by X—H — — XY, what do the solid and 
dotted: lines represent? Which distance is shorter? i 
(b) Write à plausible Lewis structure for the chlorite ion ClO). Show the formal 
charges on each atom, and the net charge. 1 
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(c) Identify red-ox reaction(s) and the reducing and oxidising agen 
following reactions. à 
(i) 2МпО + 5S0, + 6Н,0 — 5S0; + 2Мп2+ + 4H30* 
(ii) NH4* + PO, — NH; + HPO4- 
(їп) HCIO + H;S 9 H,0* + CI + 5 3 
6. (a) Thomas Graham observed that cane sugar and urea could readily pass through 
animal membranes from their aqueous solutions, but glue and gelatin could not pass 
through animal membranes from their aqueous solutions. How can the phenomena be 
explained? 2 
(b) To a saturated aqueous solution of potassium iodide crystals of KI"?! are added. 
Will the aqueous solution become radioactive? Explain. [I'?! is radioactive.] 1 
(c) For the following reaction 
3Fe + 4H;02 Fe40, + 4H; 
will the value of equilibrium constant remain unchanged, if the reaction occurs in (i) a 
closed vessel, (ii) an open vessel, at unchanged temperature? Explain: 2 
7. (a) Find the number of electrons in a drop of sulphuric acid weighing 4.9x 107? mg. 
[Assume it to be cent percent pure.] 1 
(b) Cite an exception to the law of multiple proportion. 1 
(c) State that postulate of Bohr's theory with which the kinetic energy of the elec- 
tron in an atom of hydrogen or any similar particle can be calculated. 1 
8. (а) The first ionization energy of elements generally increases with atamic numbers 
of the elements in a period of the periodic table. Why? Cite an exception. А 
(Б) Boron (atomic weight 11) from a gaseous hydride of atomicity 8; on analysis, 
2.8 g of the hydride was found to contain 0.6 g of hydrogen. Find the formula of the 
hydride. А 
9. (a) A sample of water collected from a pond is found to contain 12.0 ppm concen- 
tration of COs^-. Calculate the molarity of CO3% in this water sample [Atomic weight of 
C212, 0.2.16] 1 
(b) An air sample is found to contain 7.0 micrograms per m? of carbon monoxide. 
Calculate the concentration of carbon monoxide in ppm at NTP. 2 
(c) How H20, can be stored in laboratories without appreciable decomposition?2 
10. (a) Write the, balanced chemical equation when iodine reacts with sodium thiosul- 
fate in almost neutral medium. Hence, calculate the equivalent weight of sodium thiosul- 


t(S) from the 


fate if its molecular weight be M. 1+1* 
(b) Explain the following facts : н 
(i) In the. iodometric estimation of Cu?*, NH,SCN is added. А 
(ii) Clo-water is kept in ON dark bottles. А 
11. (a) How you can detect CO; and SO;> each in a mixture of the two? ША 


(b) Though C and О differ much in electronegativity, the molecule carbon топох- 

ide has a near-zero dipole moment. Explain. : 2 
(c) Which one between HPO; and H3PO, is more acidic? Explain. 11/5 

12. (a) State with balance chemical equation what happens when K metal is burrit in 
SO, A ; 1 
(b) SO, and SO; pollution in air is a global problem now-a-days, particularly in 
urban and industrial areas, Mention two major sources of SO and SO; in air and discuss 
their damaging effects with particular reference to acid rain. 143 
13. Solid mixture of A and B when warmed with conc. H3SO4, a deep red gas (vapour) 
C is evolved" which is soluble in dil caustic soda-solution to produce yellow coloured 
solution D. D on acidification with dil. acetic acid and then on reacting with lead acetate 
solution produces yellow solid E, which is soluble in dil. HNO3. On acidification aqueous 
solution of A changes colour. Both A and B make the flame golden yellow in the usual 
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flame test for basic radicals. Identify A to E with all the chemical reactions involved. 

Detailed balancing of equations are not necessary but write all the reactants and products 

in all the reactions. 5 

14. (a) Calcium reacts with air, but the metal obtained during its extraction hy electroly- 

sis of fused calcium chloride does not do so—explain why. 1 

(b) How would you convert sulphür quantitatively to hydrogen sulphide? ! 

(c) ‘Rusting is an electrolytic phenomenon'—explain. 1 

(d) Give a method for estimation of carbon monoxide in air. 1 

15. (a) Name the compounds formed by combination of two or more of the elements 
К, C, О, Н, S and CP which would show the following characteristics : 

(i) Compound is diatomic, electrovalent and conducts electricity in fused state. 

(ii) Compound is triatomic gas, soluble in water to some extent and used as an 

analytical agent. 

(iii) Compound is diatomic gas, soluble in water and solution strongly acidic. 

(iv) Compound is diatomic gas, almost insoluble in water and highly poisonous. 

2 


(b) A sample of water of hardness 200 ppm contains calcium chloride and calcium 
bicarbonate. One litre of it is boiled when 0.102 g CaCO; is precipitated. Calculate per- 
manent hardness. j ХІ 

(c) Write down the equation. for the reaction that takes place when potassium fer- 
ricyanide is heated with sulphuric acid. } 1 

16. (a) An alkane has a molecular weight of 72 and monochlorination produces one 
product only. Give IUPAC name of the compound. Give reasons for your answer. — ! 

(b) What are the following? 

(i) Fehling's solution, (ii) Tollen’s reagent, (iii) Bayer's reagent, (iv) Brady's 

reagent. " 2 

(c) Two alkyl iodides RI and R'I are mixed and subjected to Wurtz reaction. Butane, 
pentane and hexane are the products. Give graphical formulae of RI and R'1. 

0% H,SO, 1/alkali l 


(d) (A) за” (B) Zs СНІ, + CH;COO7 What are (A) and (B)? 1 

17. (a) C2H;NO represents two isomeric compounds, both of which can be prepared 

from acetylene. One of these compounds gives off a pungent smelling gas on boiling with 

caustic soda solution. What are the compounds? Write down the steps of their preparation 

from acetylene. 3 

(b) (i) Name a reagent with which acetaldehyde may be transformed into ethyl 
acetate in а single step. 

(ii) Name the reaction by which phenol may be converted into bte 


(c) A polyhydroxy alcohol of molecular weight 168, gives an acetyl dilata 


having molecular weight 294. How many hydroxyl groups are there in the mum 


18. (a) An organic compound of molecular formula C,HgCl2 yields ‘A’ on hydrolysis. 
'A' gives a positive reaction with Schiff's reagent and forms an oxime with 
hydroxylamme. Oxidation of ‘A’ gives butanoic acid. Suggest the name of ‘A’ explaining 


the reactions involved. > КТ 2 
(b) An aromatic hydrocarbon (B) reacts with methyl iodide in presence of anhy- 


drous aluminium chloride to produce (C). When Cl; is passed through (C) in boiling 

condition, (D) is produced at the first step. (D) on hydrolysis with Ca(OH), furnishes a 

compound which on oxidation with alkaline KMnO4 followed by acidification gives ben- 

zoic acid. Identify (B), (C), (D). Furnish arguments and reactions involved. 2 
(c) (i) Name the isomer of vinyl alcohol. 


C H-1U/67 
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(ii). Write the structure of Westrosol. 
19. (a) How can you convert 2-propanol to 1-bromopropane? 
(b) In the laboratory the following chemicals are available : 
Acetyl chloride, ethyl alcohol, ammonium chloride, sodium carbonate, ammo- 
nium carbonate, ethyl acetate, glacial acetic acid. 
How can you prepare acetamide in the laboratory? 
(c) How can you detect the presence of amido group in, acetamide? 
20. (а) Can the formula C;HgO represent two metamers? Explain. 
(b) 1-butyne.and 2-butyne are separately treated with the following reagents: 
(i) Na, liquid ammonia; (ii) Н) (1 mole), Pd (BaSO4), quinoline; (iii) H9SO;, 
Н,О, HgSO,; (iv) НІ. 
Which reagent (;) will produce the same product in both the cases? Write the 
structure(s) of the product in such case(s). 2 
21. What do you mean by a comproportionation reaction? Give one example. 1 
22. What is buckminsterfullerene? ! 
23. How many accepted elements are there in the latest Periodic Table? Write the samc 
and symbol of the last element. 1 
24. (a) Which amalgam is used in filling teeth? 1/3 
(b) What is the percentage content of Cr and Ni on 18-8 stainless steel? 15 
25. .What is ‘inorganic benzene’? Write its structure. 1 
26. Find the missing items: 
23. мац Un cay Nat * 
n 0 nd n 
7 Mg * *. 


27. Polyvinyl chloride [PVC(C;HsCI),] is a bad pollutant in the sense that on combus- 
tion it becomes corrosive to environment and causes choking of humans. Suggest the 
reaction with equation. 1 

28. А solution of bromine in benzene is stable indefinitely, but when ап iron nail is put 
in the solution, bromination of benzene occurs fairly rapidly—explain. 1 

29. For the preparation of a saturated aqueous solution of sugar more quickly which is 


the preferred method? 
(i) Addition of sugar cube in water which settles down at the bottom, or 


(ii) suspension of a sugar cube in water by means of a string. Why? 1 
30. As the contact between the tram pentograph and the conductor breaks, a little brown 
cloud is formed. Why? 1 
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Group- A 
Answer any two questions. 


1. (a) How many alpha particles and beta particles are emitted in the following 
radioactive change? 2 


232 208 
wA > ЮВ 


(b) Explain why the atomic weight of most of the elements are not whole mumbers. 
к 2 


(с) How many protons and neutrons are there іл the following ions? 


(i) Ca? (ii) S?-., 
Write the electronic configurations of the ions in the ground state. 


[Mass number and atomic number of calcium are 40 and 20 respectively. 
Mass number and atomic number of sulphur are 32 and 16 respectively.] 


(d) Show the electron arrangement in the atom of atomic number 20. 
2. (a) Indicate the nature of bond in the following compounds : 


K5S; NaH; CO); NH,CI 


Why is it said that electrovalent compounds have no real bonds in them? 


(b) Explain why : 


3. (a) 
element? 


(b 


) 


(c) 


(d 


) 


4. (a) 


(b 


(i) Sodium chloride is easily soluble in water but not in benzene. 


242 


2 
3 


4 


(ii) Although acetic acid and ethyl alcohol are covalent compounds, they are 


soluble in polar solvent water. 
(с) Why is CO, molecule non-polar in spite of a difference in electronegativity 
between carbon and oxygen? 1 


Which of the following compounds are polar and which are non-polar? 
N20; H20; CHCls; №: 


2 


What is meant by ‘Transitional element’? Can zinc be called a transitional 
2 


Outer electronic configuration of the atoms of four elements are given below :4 


(i) 3d? 4s! (ii) 3s 3p (iii) 452 4p$ (iv) 34% 4$? 
In which group and period of the periodic table are they situated? 


Why is the radius of an anion is greater than that of an atom of the element?2 
1+1 


Arrange as directed : 
(i) I, Br, Е, Cl in order of increasing chemical activity . 
(ii) MgO, ZnO, CaO, Na;0, in order of increasing basicity. 
Which one is oxidised in the following oxidation-reduction reactions? 
(i) 2HgCl; + SnCl; = Hg;Cl; + SnCl, 
aH 


(ii) 2Ма+ Н; : =2N 
(iii) CuSO, + Zn = ZnSO, + Cu 
(iv) H20: + О; = НО + 20). 


Are odidation number and valency the same? 
Find out the oxidation number of : 

(i) Oxygen іп H102 

(ii) Chlorine in CIO; 
(iii) Phosphorous in H4P207 


. (iv) Bromine in Br». 


Balance the following two equations by oxidation number method : 
(i) KMnO; + FeSO, + H2504 = K2SO, + MnSO, + Fe; (504); + H;O 
(ii) Cu + HNO} = Cu (NO); + NO + H20. 
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(d) Name a substance which can act both as an oxidising agent and as a reducing 
agent. 1 
Group - B 
Answer any two questions. 

5. (a) Show the difference between : 
(i) Ore and mineal 
(ii) Gangue and slag 


(iii) Calcination and roasting. 3 

(b) Indicate the different reduction processes used in metallurgy and give one 
example of each of them. 4 
(c) Give one example of each of a liquid metal and a noble metal. 1 

(d) What is Galvanisation? 1 

(e) What do you mean by passivity of iron. 1 

2 


6. (a) How do you prepare common alum from bauxite? 

(b) Traces of ferrous sulphate are present in a sample of blue vitriol. How do you 
prepare pure copper sulphate from such blue vitriol? 2 

(c) Write down the formula and one use of Plaster of Paris. What happens when 
water is added to it? з 2 

(d) Describe the chemical reactions which occur in blast furnace during extraction 
of iron. 4 
7. Show reasons : (any five) 5x2 

(a) Anhydrous AICI; is not obtained by heating AICI, 6H20. 

(b) Sodium is not obtained in the cathode by electrolysis of an aqueous solution of 
sodium chloride. 

(c) Ferrous chloride is not obtained by passing chlorine gas over hot iron. 

(d) CuO is reduced by carbon, but CaO is not. 

(e) Different products are obtained by heating CaCO; in the open and in a sealed 
chamber. 

(f) Sodium is kept under kerosene. 

8. State, with equations, what happens when : 5x2 

(a) An iron knief is introduced into copper sulphate solution. 

(b) Potassium iodide is added into copper sulphate solution. 

(c). Excess of carbon dioxide is passed through brine saturated with ammonia. 

(d). Excess of caustic soda is slowly added into zinc sulphate solution. 

(e) A mixture of limestone, coke and sodium sulphate is heated. 


Group - C 
Answer any four questions. 
9. (a) Name of the following compounds by IUPAC system : 4 
H 


| 
(i) HC — C — CH; 
| 


CoHs 
(ii) CHC = CH 
(iii) CH;COCH; 
(iv) СН:СООСН; 
(b) Write down the structural formulae of : 
(i) para nitroaniline (ii) methoxy methane. 1 
(c) Are the C — C bond distances in benzene same or different? 1 
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(d) Each of the two isomeric compounds, A and B produces propeneon dehydration. 
Identify A and В 2 
(e) What is the chemical identify of the following compounds? 2 
(i) rectified spirit 
(ii) methylated spirit 
(iii) vinegar 
(iv) formalin. 
10. How would you prepare the following compounds starting from aniline? «217, 
(i) toluene 
(ii) nitrobenzene 
(iii) benzoic acid 


(iv) phenol. 
11. Write down one chemical reaction to distinguish between the following pairs of 
compounds : 5х2 


(i) Ethyl alcohol and methyl alcohol 
(ii) Ethyl alcohol and diethyl ether 
(iii) Ethyl alcohol and acetone 
(iv) Formic acid and acetic acid 
(v) Acetyl chloride and acetic anhydride. 
12. State with equation what happens when : 4x2! 
(a) An aqueous solution of sodium acetate is electrolysed between two platinum 
electrodes. 
(b) A solution of sodium nitrite is added to acetamide dissolved in dilute hydrochlo- 
ric acid. 
(c) A concentrated solution of ammonia is mixed with formaldehyde. 
(d) Chlorine gas is passed through an alkaline solution of acetone. 
13. (a) Name the reagents necessary for the following conversions : 2 
(i) CH;COCH; — CH;CH;CH; 
(ii) HC=CH — CH;CHO 
(iii) CH;CHO — CH;CH (OC3H3); 
(iv) CsHsCH; . — С,Н;СНО. 
(b) How do you separate the following compounds from a mixture of the two by 
chemical method? 4 
(i) Acetic acid and acetone 
(ii) Ethylene and acetylene, 
(c) How do you prepare acetic acid from formic acid and methanol from und 


14. Write short notes on : 5x2 
(a) Haloform reaction 
(b) Coupling reaction 
(c) Fermentation process 
(d) Ozonolysis 
(e) Metamerism. 
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1. (a) Give the electronic configuration of ;4Cr?*. Find the number of unpaired 
electron(s) in the ion. 1+1 
(b) Complete the following equations : 


G) JLi + 'H—32*; (ii) ZAI + HSI + *; (iii) {UT + 1 
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(c) Arrange the following in increasing order of penetration power : 


a-ray, B-ray, X-ray, y-ray. 1 
What is the fundamental difference between X-ray and y-ray? 1, 
2. (a) Which periodic group consists of all types of elements viz. solid, liquid a 
gaseous? Name those elements stating their physical state of aggregation. 2! 
(b) Who first showed that atomic volume is a periodic property? What are the 
positions of (i) alkali metals and (ii) non-metals in the atomic volume curve? 1!/, 


(c) Write down chemical formulae of : (i) Copper (1) arsenide; (ii) Ее 
astatide. 
3. (a) A transistor material has the specification : one atom of boron per 10'9 atoms of 
silicon; find the boron content of 2 kg of such material. [Si = 28.1; B = 10.8] 1, 
(b) (i) Find the mass of 4.00 х 107° mol of sucrose C,2H220, 1. 
(ii) How many carbon atoms are there in that 4.00 x 10? mol of sucrose? 1'/, 
(c) А polymeric substance (C>F4),, where n is very large, was prepared by polymer- 
ization of C;F, in presence of a sulphur-bearing catalyst. The final product was found to 
contain 0.01246 of S. Find the value of n if the polymeric molecule contains 3 atoms p 
- sulphur. 
4. (a) There are three chlorotoluenes of dipole moments 1.3 D, 1.9 D and 1.78 E 
Assign correct orientation to them. 2 
(b) Arrange the following types of actions in order of increasing stability : 
Covalent bond, hydrogen bonding, dipole-dipole attraction, van der Waal force. 
1 
(c) Why have the aldehydes higher boiling point that is anticipated from their 
molecular weight? What is the phenomenon called? 2 
5. (a) Find out the relation between the equilibrium constants of the following two 
reactions: 
(i) Hx(g) +12(8) = 2HI(g); (ii) 2HI(g) = H»(g) + b(g) 
(b) What would be the effect of halving the pressure by doubling the volume on the 
following system at 550°C? 
H,(g) + h(g) = 2Hl(g) 1 
(c) А 15.0 L vessel containing 5.60 g N; is connected by means of a valve to a 5.00 
L vessel containing 8.00 g oxygen. After the valve is opened and the gases are allowed to 
mix, what will be the partial pressure of each gas and the total pressure at 27°С? 2 
(d) Determine density of HS gas at 27°C and 0.82 atm. pressure. 1 
6. (a) Explain why blocks of magnesium аге often attached to steel frames of ocean- 
going ships. 1 
(b) You are given little potassium chloride, just few drops of phenolphthalein 
solution, a strip of blotting paper and a wash bottle with water. How would you identify the 
terminals of a storage cell? 1 
(c) 32 mg of a sample of magnesium having a coating of oxide required 20 ml 0.1 
N hydrochloric solution for complete neutralisation of the latter. Find the composition of 
the sample. 2 
(d) Balance by oxidation number method : 1 
Р + NaOH + H;0—P;H, + NaH?PO;. | 
7. (a) One volume of a gas (С) is mixed with one volume of hydrogen gas at same 
temperature and pressure and exploded; one volume of water vapour and one volume of 
nitrogen gas are obtained. Find the molecular formula of the gas. 2 
(b) What is torr? 1 
8. (a) Aqueous solution of sodium chloride contains sodium and chloride ions, solid 
sodium chloride also is an aggregate of these ions. But the former is a conductor of 
clectricity while the latter is not. Explain why. 15 
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(b) Covalent bond is directed in space. In which property of such compounds is it 
reflected? ЈА 
(с) How would you prepare negatively charged ferric hydroxide sol.? 1 

9. (a) Іп гу test for nitrate radical you are advised to warm (not to boil) the sample with 
manganese di-oxide and concentrated sulphuric acid. why? | 
(b) What happens when sulphurous acid is boiled in (i) a closed vessel and (ii) an 


open vessel? 2 
(c) Explain why anhydrous sodium carbonate is a primary standard but sodium 
carbonate decahydrate is a secondary one. 1 


(d) Cite a reaction where alkali is formed from two acidic substances. 1 
10. (a) In a laboratory method of preparation of. nitrogen, chlorine gas is very slowly 
passed through concentrated solution of ammonia. What would be the harm (if any) if the 


reverse process is carried out, i.e. ammonia is passed into solution of chlorine? | 
(b) What happens when anhydrides of boric and phosphoric acids react? Give 
equation. 1 
(c) What happens when hypophosphorous acid is heated (equation is to be given)? 

What is the reaction termed? Why? 2 
(d) How can bauxite be used in fixation of atmospheric nitrogen? 1 

11. (a) What is causticising process? Why is it so called? 2 


(b) In producing cast iron in blast furnace the aim is to reduce ferric oxide to iron. 
What, then, is the role of air blast? | 
(c) Explain why pure hydriodic acid stored in a bottle acquires brown colour after ’ 
some time. 1 
(d) What happens when ‘lunar caustic’ is heated? l 
12. (a) What is ‘Mischmetal’? 1 
(b) Why Mohr's salt, not ferrous sulphate, is used in volumetric analysis? l 
(c) What is ‘Nitriding’ of steel? 1 
(d) What is (i) High speed tool steel, (ii) Bell metal, (iii) Chrome steel, (iv) 
Ultramarine? 2 
13. (a) Give conditions and chemical equations for the preparation of hydrogen perox- 
ide using oxygen and a compound containing no peroxy linkage. 2 
(b) Give an example of peroxidising property of hydrogen peroxide. 1 
(c) What is the difference between the bleaching actions of SO; and Cl? 1 
(d) A sample of NapSO; is suspected to be contaminated with №50. How can you 
detect the presence of Na?SO, in the sample? 1 
14. (a) Why lead pipes аге not used for carrying very soft water? 1 
(b) What are the compositions of : 
(i) alnico; (ii) copper matte; (iii) commercial bleaching powder, (iv) electrolyte used 
in Hall and Heroult process? 2 
(c) Why does ferric iodide not exist? l 
15. (a) What is the difference between gypsum and plaster of Paris? How one can be 
converted to another? 1+1 
(b) State what happens when (write equations) : 
(i) Sodium hydrogen carbonate is added to an aqueous solution of aluminium 


sulphate. : 1 
(ii) An aqueous solution of ammonia is added to mercurous chloride. 1 
16. How will you convert (give equations only)? 
(a) Aniline into dimethyl aniline. 
(b) Benzene into acetophenone. 
(c) An amide into a primary amine with one c-atom less. 
(d) Acetaldehyde into pentacrythritol. 


1 
1 
І 
1 
(e) Cyclohexanol into adipic acid. 1 
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17. How will you obtain (show by arrowhead conversion and mention reagents used)? 
(a) Formaldehyde from CO'and Н». 1 
(b) Vinyl chloride from acetylene. | 
(с) Butadiene from ethanol. | 
(d) Ethanol from ethylene and sulfuric acid. 1 
(e) Picric acid from phenol. 

18. State what happens when (give arrowhead equations only) : 

(a) Toluene is oxidised at 170°C and the product reacted with thionyl chloride. 1 
(b) Bromine water is passed through phenol. 1 
(c) Formaldehyde is reacted with benzaldehyde in presence of NaOH. l 
(d) Benzene is reacted with acetyl chloride in presence of anhydrous AICI. 1 
(e) Chloroform is treated with Zn and water. 

19. (a) Inthe reaction Ph CH)MgCI + CH4CHO—PhCH;CHOHMe + A, two products 
are obtained. (A) is an isomer of the alcoholic product and responds to haloform reaction 
to give an ortho acid of neutralisation equivalent 136. What is (A)? Give reasons for your 
answer. 2 

(b) Give the structure of the simplest compound with empirical formula СУН. What 
is its geometrical shape? 1 
20. (a) Mark the atoms in the following compounds that lie in a plane: 2 
(i) CH4CH : СН). (ii) CHyCH : CHCH;. 
(b) Give the dash and condensed structural formula of 


CH; CH CH; 
S 3 
PS c Pd CH 


CH; 
21. The name of CH3OCH;CH; is 
(a) 2-oxapropane (b) 2-oxabutane (c) 2-oxobutane 
Choose the correct name. 1 
22. Willa vacuum be created if an iron wire or coal are burnt in a sealed bottle containing 
oxygen? i 1 
- = 23. A bottle of acetaldehyde is opened in a summer month in Calcutta. What will be the 
observation? Why? I 
„24. Why lead is included in both Group I and Group И of Group Separation Scheme of 
inorganic qualitative analysis? 1 
25. Name the salt whose composition can be expressed by the molecular formula 
H403N;. 1 
26. Blood darkens if hydrogen sulphide enters it. Why? І 
27. You аге given two aqueous solutions—one of soap and the other of sugar. How can 
you prove whether the solutions are true solutions or colloids? l 
28. The time required for half disintegration of 0.1 gram of a radioactive isotope is less 
than that required for the half disintegration of 1 gram of the same isotope. Is the statement 
true? Give reason. 1 
29. How many grams of diamond contain the same number of atoms as 0.1 gram of 
graphite? : | 
ЫР Indiscriminate use of polythene bags posesa serious environmental pollution hazard. 
у? 1 
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H. S. CHEMISTRY : 2000 
Second Paper 
Group — A 
Answer any fwo questions. 


1. (a) Mention two main characteristics of each of alpha and beta rays. 
(b) Mention two main differences between chemical and radioactive changes. 2 
(c) There are all types of oxygen isotopes in a sample of oxygen. How many protons wil 
be there in 5.6 litres of this sample at N.T.P.? Will the number of protons be different if the 
sample contained only one isotope? Give your arguments in support of your answer. 
[Atomic number oxygen = 8] 2+1+1 
(d) What is the unit of radioactivity? 1 
(e) Why is helium gas found in uranium mines? 1 
2. (a) How many d-orbitals are possible in the M-shell? Can the L-shell have any orbital? 
Explain. 1+1+1 
(b) Show the electron arrangement іп СІ if the atomic number of chlorine be 17. 2 
(c) How many unpaired electrons are there in an oxygen atom? 1 
(d) The electron configuration of the atom of an element is 
152 252 2p 352 3p6 340 452. 
In which group and in which period of the periodic table is the element situated? What are 
the valency and the atomic number of the element? 1+1 
(e) Mention two defects of Rutherford's atomic model. 2 
3. (a) Mention two defects of Mendeleef's Periodic Table. 
(b) Discuss the position of hydrogen in the Periodic Table. 
(c) Under what condition a covalent compound is polar? 
(d) What is meant by the electronegativity of an element? Arrange the following elements 
in an ascending order of electronegativity : 
O, Te, Se, S 2 
(e) Why are the electrovalent compounds soluble in water? 2 
4. (a) Show, with an example, that oxidation does not always mean addition of oxygen. 2 
(b) Mention the oxidation number of the following substances : 
(i) Zn (in element) 
(ii) Zn (in ZnSO, salt) 
(iii) Oxygen (in Na?05) and 
(iv) Oxygen (in KO2) 
(c) Balance the following equation by the oxidation number method : 
HNO; + H2S —> NO + S + HO 2 
(d) Explain why CHCI; is polar through CCl, is non-polar. 
(e) Indicate the nature of bonds in the following compounds : 
Na3S and H2S 
(f) Solid NaCl is ionised, yet it does not conduct electricity. Explain. 
Group — B 
Answer any two questions. 
5. (a) How is pure alumina prepared from bauxite in Bayer's process? Give the equations 
of each step? 3+2 
(b) What аге the substances used in the oil floatation process? What type of ores are used 


generally for concentration by the oil floatation process? —— ! 24 
(c) What is meant by self-reduction? Give an example (with equation) of the self-reduction 


ә һә 


NNN 


process. 1+1 
. 6. (a) What is blue vitriol? What happens when it is heated? ү. ! 


(b) What is hydrolith? How is it prepared? 
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(c) What is "Spiegel"? When is it used? 1+1 
(d) What is the basic difference between brass and bell metal? Mention one use of each of 
the two alloys. ) 1+1 
(e) Explain, with equations, why copper sulphate solution is decolorized by potassium 
cyanide solution. 2 
7. (a) What happens when a strong solution of brine is electrolysed using flowing mercury 
cathode and graphite anode? What is the name of the process? 2+1 
(b) What is rusting? How can it be prevented? 1+1 
(с) Wate down the principle of alumino thermit process. How is it effected? Name two 
metals extracted by this process. 1+1+1 
(d) Write down, with equation, what happens when sodium nitrate is heated with zinc dust 
and caustic soda solution. 2 
8. (a) What is philosopher's wool? Why is it so called? 1+1 
(b) How is bleaching powder prepared commercially? What is meant by available chlorine 
(in bleaching powder)? Write down one domestic and one industrial use of bleaching powder. 
2*1*1 
(c) How can ferrous salts be converted to ferric salts and vice versa? Give examples. 1+1 
(d) Ferrous carbonate is insoluble in ordinary water but dissolves in water containing 
dissolved carbon dioxide. Explain with equation. 2 
Group — С 
Answer any four questions. 
9. (a) Write down the structural formulae of the following compounds : 2 
(i) 3-methyl but 3-ene-1-ol 
(ii) 2-hydroxy-3-methyl butanoic acid. 
(b) The ozonolysis of a hydrocarbon gives glyoxal and formaldehyde. What is thé structural 
formula of the hydrocarbon? 2 
(c) Mention the type of hybridization in carbon atoms of ethane, ethene and ethyne. Which 
one has the longest and which one the shortest C - C bond distance? 2 
(d) Indicate the chemical identities of the following substances : 
(i) Carbolic acid 
(ii) Picric acid 
(iii) Tollen's reagent 
(iv) Bayer's reagent. 
(e) Give the IUPAC names of the following compounds : 
(i) CH? = CH -C = CH 
(ii) СН = CH - CHO. 2 
10. How will you convert benzene to toluene and toluene to benzene? Write down the 
names of the compounds produced by chlorination of toluene. What happens when these are 
hydrolysed? 44343 
11. How will you convert? 5х2 
(а) acetone — diacetone alcohol 
(b) nitrobenzene — phenyl hydrazine 
(c) acetylene — ethyl alcohol 
(d) ethyl alcohol — chloroform 
(e) acetaldehyde — acetone. 
12. Write short notes on : 4x 24 
(a) Saponification process 
(b) Grignard reagent 
(c) Addition reaction 
(d) Polymerisation reaction. 
13. (a) Show the difference between the conditions for aldol condensation and Cannizzaro 
reaction. 2 


N 
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(b) Give one example of each of intermolecular and intra-molecular dehydrations of ethyl 
alcohol. Give the equations and mention the conditions. 242 
(c) How will you prepare benzene from phenol and phenol from benzene? 242 
14. (a) Write down the action of heat on the following substances and give equations in 
suitable cases : x 
(i) HCOONa 
(ii) СН; COONa 
(iii) (HCOO) Ca 
(iv) (CH3COO) Ca. 
(b) Write down the names of the reagents used in the following reactions : 4x } 
(i) Friedel-Craft reaction 
(ii) Clemmenson reduction 
(iii) Gattermann reaction 
(iv) Rosenmund reduction. 
(c) Mention, with complete equation, what happens when aniline is warmed with chloroform 
and alcoholic caustic potash. 2 
(d) How will you convert nitrobenzene to phenylhydroxylamine? Give equation, 2 


JT. ENT. CHEMISTRY : 2000 
227 
1. (а) Radioactive element $ JN undergoes a series of disintegration and finally yields 


0 
Pb. What is the minimum numbers of a and f) particles involved in this disintegration? 1 


(b) How many elements are called lanthanides? Indicate their general electronic 
configuration. 1 
(c) Name two solid elements which on combination give a liquid compound. Name the 

1 


compound also. 
(d) 23815 $ 

92 
232. 


1 
0 
Th n —À C— D «2f 

Identify A, B, C, D. stators 
2. Arrange the following according to the instructions given : 

(a) K, Li, Na (increasing order of atomic size) 

(b) НІ, НСІ, HBr (increasing order of acid strength) 

(c) Na, Cu, Zn (increasing electropositive character) 

(d) Hz, Cl», CH4 (increasing order of diffusion) 

(e) PH3, AsH3, NH3 (increasing order of stability and the acid character) 
(f) Cu, S, graphite (increasing order of electrical conductivity) 


3. (a) The weight of 350 ml of a diatomic gas at 0°C and 2 atm. pressure is | g. Calculate 
the weight of its one atom. 2 

(b) Ammonia under a pressure of 15 atm. at 27°C is heated to 347°C in a closed vessel in 
the presence of a catalyst. Under these conditions, NH; is partially decomposed according to 
the equation ; 2NH3 = № + 3H2. 

The vessel is such that the volume remains constant whereas the pressure increases to 50 
atm. Calculate the % of NH3 actually decomposed. 3 

4. (a) Give S.I. definition of mole. 

(b) “Molecular mass of hydrogen sulphide is 34”—elucidate. 


n— A—> B+ 2p" 


آدج li‏ ارہ ایم 


| 
1 
5 
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(c) Ca?*, Kt, 527, CI have 18 extranuclear electrons. How will they be arranged in the 
increasing order of size? і 
(d) Give an example of ‘diagonal relationship’ in periodic table. Why is it observed? 15 


5. (a) Calculate the pressure of Argon vapour in a vacuum tube in microtorr when 3x104 
atoms are present іп a volume of 5 ml at —100°C. $ 3 
(b) Which опе has minimum dipole moment? Butene— 1, cis-Butene—2, trans-Butene— 
2, 2-methyl propane. ip 1 
(c) Which one has unpaired electron? KO», AlO5*!, BaO», NO? 1 
6. (а) 3.15 gms of (COOH). xH3O are dissolved in water and the volume is made up to 
500 ml. On titration, 16.68 ml of the solution are required for exact neutralisation of 50 ml of 
(35) NaOH solution. Calculate the value of x. 
(b) Give one example of solid aerosol and one liquid aerosol. Justify your answer. i + 1 
(c) Define isoelectric point of colloid. 1 
7. (a) 2.00 gm of a mixture of sodium carbonate and bicarbonate loses 0.248 gm when 
heated to 300°C. Calculate the percentage of sodium carbonate in the mixture. 2 
(b) Neither pure H2SO4 пог pure HCIO4 conducts electric current but a mixture of two 
does.— Explain. 1 
8. (a) Which of the following species does Bohr's theory apply to? 
(i) H’. (ii) He”, (iii) Li, (iv) Li?*. (v) Be?*. (vi) Be?* H 
(b) Ifa ‘3g orbital be there, what would be the maximum number of electrons it can 
accommodate? i 
(c) Why are ionic compounds usually high melting and covalent compounds low? Why has 
diamond a very high melting point? 3 
9. State with balanced equations what happens when : 
(a) Cl» is passed through КІ solution. Excess Cl» is again passed through the solution. 1-1 
Complete and balance the following equations : 
(b) KNO; + FeSO, + H5SO, (conc.) = 1 
(с) H2S + K3CrO4 + H2504 = 1 
(d) AI + KMnO4 + H2504 = 1 
10. (а) A solution contains Na;CO; and NaHCO;. 10 ml of the solution requires 2.5 ml of 
0.1 M-H5SO, for neutralisation using phenolphthalein as an indicator. Methyl orange is then 
added when a further 2.5 ml of 0.2 M-H5SO, was required. Calculate the amount of Na;CO; 
and NaHCO; in one litre of the solution. 3 
(b) Which molecules of the following will be polar? H2S, BCl3, ССЦ, С.Н and СО. 1 
(c) Which molecules of the following would you expect to show hydrogen bonding? CH4, 
НСІ, HCOOH, СН, pure HNO3. 1 
11. (a) Chlorine is prepared in the laboratory by heating manganese dioxide with c. 
hydrochloric acid. Buta brown colour develops with evolution of little chlorine before heating. 
What is it due to? What happens when heat is applied? Give equations. 2 
(b) Identify the lettered compounds : 2 
Colemanite —_202 NEE ایتا ب با‎ D 
(excess) 1200°C 
(c) What are stalactites and stalagmites? 1 


12. (a) Barium nitrate and calcium chloride were mixed in water to form a solution ‘X’. 
Potassium chromate and sodium chloride were mixed in water to form a solution *Y^. What 
would happen if ‘X’ and *Y* are now mixed? 1 

(b) In an examination on qualitative analysis a candidate had been supplied with a white 
salt that became yellow when hot and white in cold; in wet test he made a mistake and got a 
white precipitate in group IIIA. What the basic radical was? What mistake did he commit? 1 


[m 
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(c) What happens when a paper soaked in mercurous nitrate solution is held in ammonia? 
Give equation. 1 
(d) What are fossil fuels? Why are they so called? 1 
13. (а) Anhydrous magnesium chloride cannot be obtained by heating hydrated magnesium 
chloride—why? 1 
(b) Give two important uses of sodium cyanide. . 1 
(c) Name two chemicals which are used to remove dissolved oxygen in boiler feed water. 

1 


(d) Hydrofluoric acid cannot be stored in glass container. Why? 1 
(е) Name two isomérs of hydrogen. How do they differ from each other? 1 
14. (a) During preparation of phosphine gas, coal gas or СО» is passed through reaction 
vessel. Why? 1 
(b) Sodium carbonate is manufactured by Solvay process but potassium carbonate cannot 
be manufactured by this process. Why? : 1 
(c) What happens when (write visible changes and equations) 
(i) H2S is passed into a solution of sodium ethoxide in anhydrous alcohol. 
(ii) Potassium persulphate is added to a solution of silver nitrate. 
(iii) Borax is heated. У 1х3 
15. (A) isa light green water-soluble crystalline substance. Оп heating gradually it becomes 
white, brown and finally red (D), along with evolution of two gases (B) and (C). The red solid 
(D) imparts yellow and green colours to a borax-bead in oxidising and reducing flames 
respectively. Aqueous solution of (A) turns acidified potassium dichromate solution green. 


The gas mixture (B and C) decolourises KMnO4 solution. Identify (A), (B), (C), (D) and 
explain the observations. 4 
16. (a) Write only structures of the products of ozonolysis of 0-xylene (1, 2-dimethyl 
benzene). 1 
(b) How many alkenes may be obtained on treatment of 2-bromobutane with alcoholic 
KOH? Name them. B 


(c) Name the products : 
(i) CH=CH- C- OH НВг. » (ii) Potassium propionate —electrolysed „ Н+? 


ы 


о 
۹ E Hg2* н 

(iii) Gare = СН подс? 1 
(d) Name the reactions involved in the following one-step conversions : 

(i) PhOH ——> salicylaldehyde; (ii) CH3COCH3 eu C=CHCOCH3. 1 

3 
17. Answer the following : 
(a) When passed over heated copper at 300°C, an organic compound was found to give an 


olefin. The organic compound is most likely to be 
(i) primary alcohol, (ii) alkane, (iii) secondary alcohol, (iv) alkyne, (у) tertiary alcohol. 
1 


(b) Marsh gas mainly contains : C2H2, CH4, H2S, CO, none. 1 
(с) On ozonolysis ‘A’ gives a molecule of acetone and | molecule of formaldehyde. ‘A’ is: 

(i) Propylene, (ii) Ethylene, (iii) n-Butylene. (iv) Isobutylene. 1 
18. What happens when in the following reactions (show the products)? 


@ Сў+сь— С —0— С —сн; AIC ig 1 
€ >—447 >? it 
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CH-0 
(c) С ЕНЕНЕ Strong alkali i 


(50% NaOH 

soln.) 1 

(d) Write down the bond angles and structures of C2H4, C2H2. i +1 
(е) How do you chemically distinguish between (i) n-hexanol and phenol, (її) МЕРЫ 
and aniline. i 1+1 
19. (а) Name two isomeric dicarboxylic acids having general formula C4HO4. Show their 
structures also. 1+1 

OCOCH3 

(b) Anhydrous, A+B. Identify A and B. 1+1 
20. How would you convert (arrow equations only)? 1х5 


(a) Benzaldehyde into cinnamic acid. 
(b) Butyric acid-to a-chlorobutyric acid. 
(c) Benzene into phenylhydrazine. 

(d) One polyhydric alcohol into acrolein. 
(e) Acetaldehyde into lactic acid. 


21. Which element has the highest electronegativity and which one has lowest? 1 
22. Why alum is used for clarification of muddy water? 1 
23. Name one biodegradable polymer and one non-biodegradable polymer. 1 
24. Arrange in order of increasing basicity : 


МН: NH2 CH2CH3 1 
CH3CH3NH;, e 5 e » CH3CH5-NH 


NO? 


25. Arrange the following in increasing order of acidity : 1 


DIC SUE же", 
OH NO; NO? 


26. Choose the correct answer : Which of the following is not a unit for measurement of 
radioactivity? 1 
(A) Curie, (B) Becquerel, (C) Rutherford, (D) Fermi. 
27. Name (IUPAC method) any aldehyde (aliphatic) other than formaldehyde that се 
to Cannizaro reaction. 


28. Give the men: SO;H | 
2 M 
2 م‎ ——>, 742 
boiled 
29. Name two coal based gaseous fuels. Which one has higher calorific value? 1 
CH3 
^H HBr 
30. СНз — C. 2. CH) ——— ? 1 
НВг 9 
Peroxide 


Show the products of the above reactions with structures. 


[xxxvii ] 


H. S. CHEMISTRY : 2001 
Second Paper 
Group — A 
Answer any fwo questions. 
1. (а) How many a- and B-particles are emitted from the following radioactive 


transformation? 2 
234, 206 
BLUE airs 
(b) Write down the electronic configuration of Na* and ج02‎ 2 
(c) What is the difference between atomic number and mass number? 2 
(d) Mention two defects of Rutherford’s atomic model. 2 
(e) What is the difference bétween an orbit and an orbital? 2 
2. (a) Indicate the nature of bonds in the following compounds : 
H207, BF3, NaCl, NH4CI. 2 
(b) State Mendeleef's periodic law. 2 
(c) Argon has a higher atomic weight than potassium. Why is then argon placed before 
potassium in the periodic table? 2 
(d) А, B and C have their atomic numbers 17, 18 and 20 respectively. 
(i) Among А, B and C, identify the metal and non-metal. 2 
(ii) What is the formula of the compound consisting of 4 and C? 2 
3. (a) Mention which of the following molecules will have hydrogen bonds : 
HF, CH4, СНзСООН, NH3. 2 
(b) Mention the polar and non-polar molecules among the following compounds : 
CCl4, H20, СО», SO». 
(c) Why does Cl; molecule exist but not Ne2? 2 
(d) Sodium chloride is soluble in water but not in alcohol. Explain. 2 
(е) H20 has the highest boiling point among the following compounds : 
H2S, NH3, H0—Why? 2 
4. (a) Mention oxidation number : 2 


(i) NaNO3—Oxidation number of N. 
(ii) NH3—Oxidation number of N. 
(iii) MnO5—Oxidation number of Mn. 
(iv) KMnO4—Oxidation number of Mn. 
(b) Balance the following two equations by means of oxidation number : 4 
(i) H2S + Cl; > HCI + S 
(ii) HNO; + HI > NO + I + H20 
(c) Arrange Zn, Al and Cu in the order of increasing reactivity towards dil hydrochloric 
acid. Give explanation. 2 
(d) Mention two differences between electrovalent and covalent compounds. 2 
Group — B 
Answer any {wo questions. 
5. (a) Write differences between ‘ores’ and ‘minerals’. 2 
(b) What is the difference between Calcination and Roasting? 2 
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(c) Write principles of thermit process. 

(d) Why are the alkali metals not extracted by carbon reduction process? 
(e) What is an *amalgam'? 

6. (a) Why is metallic sodium kept under kerosene? 

(b) What is ‘Stainless Steel’? 

(c) Why is CaCl added in Down's process for the extraction of sodium? 
(d) How is Plaster of Paris manufactured from Gypsum? 


PNNN NNN 


7. Give reasons : 

(a) Zn-plating is advantageous to Tin-plating. 

(b) FeCl; is not obtained by passing Cl»-gas over heated iron. 

(с) Anhydrous AICI; cannot be prepared by heating hydrated А1С1;. 

(d) Write down the reactions in the extraction of iron in Blast furnace. 

8. Write with equations, what happens when : 

(a) Hydrated crystals of copper sulphate is heated slowly. 2 

(b) Excess carbon dioxide is passed through a solution of sodium chloride saturated with 
ammonia. 2 

(c) Steam is passed over red hot iron. 2 

(d) A solution of sodium hydroxide is gradually added to aluminium sulphate solution. 2 

(e) Marbel stone is heated strongly and then water is sprinkled over it. 2 


<> NN N 


Group — С 
Answer any four questions. 
9. (a) Write down the structural formulae of the following compounds : 2 
(i) Methoxymethane 
(ii) 1, 2, 3-propane triol. 
(b) Write down the IUPAC names of the following compounds : 
(i) CHy- CH = CH- CH? -C = СН 


(ii) CH3COOCH3. 2 

(c) Mention the geometry of ethane, ethene and ethyne molecules and also mention the 

H - C - Н bond angle in each of the molecules. ў 2 
(d) How would you distinguish between But-1-yne and But-2-yne by simple chemical 
reaction? 2 
(e) What is Ozonolysis? Give example. 2 
10. How will you distinguish between? 5x2 


(a) Ethyl alcohol and Methyl alcohol 
(b) Acetaldehyde and Acetone 
(с) Acetaldehyde and Benzaldehyde 
(d) Benzyl chloride and Chlorobenzene 
(e) Acetic acid and Formic acid. 
11. Write with equations what happens when 5x2 
(a) Chlorine gas is passed through an alkaline solution of acetone. 


(b) A mixture of chloroform, aniline and alcoholic potassium hydroxide solution is 
heated. ы 
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(c) Chlorine gas is passed through boiling toluene. 

(d) A mixture of calcium formate and calcium acetate is dry distilled. 
(e) Propene is made to react with hydrogen bromide in presence of hydrogen peroxide. 
12. (a) Explain : 3x2 
(i) Boiling point of ethyl alcohol is higher than di-methyl ether though both ofthe 

compounds have the same molecular weight. 
/ (ii) Trichloroacetic acid is stronger than acetic acid. 
(iii) Phenol is an acid. 


` (b)Give the chemical identities of Fehling's solution and Formalin solution. 2 
(c) Differentiate primary, secondary and tertiary alcohols by a single chemical reaction. 
2 
13. Starting from benzene, how you will prepare the following compounds : 5x2 
(a) Toluene 
(b) Nitrobenzene 
(c) Aniline 
(d) Chlorobenzene 
(e) Phenol. 
14. Write short notes on : 5x2 


(a) Isomerism 

(b) Wurtz reaction 

(c) Polymerisation reaction 
(d) Sandmayer reaction 

(e) Diazo reaction. 


JT. ENT. CHEMISTRY : 2001 
1. (a) If the electron in the H-atom approaches the nucleus in a continuous manner, what 
type of spectra will be observed from the emitted energy? 1 
(b) An element has atomic number 35. Write its electron configuration and what will be its 
position in Periodic Table. What are the possible stable oxidation states ofthe element? 2 


(c) In H-atom, the energy of the electron in the nth orbit is given as En = — d ev. 
Show that Eg«-En = == 2 ev for large values of n. 3 
m 


. (d) Why is the element 92U?38 radioactive? Some artificial radio-isotopes may be positron 
(e^) emittor, How such emission may take place? Mention a property of some elements which 
is not periodic in nature. 3 

2. (a) Write the oxidation states of C-1 and C-2 in CH3CHOH. 1 

(b) What is the equivalent weight of KH(IO3)2 as an oxidant in presence of 4.0 (N) НСІ 
when ІСІ becomes the reduced form? (К = 39.0,1= 127.0) 2 

(c) Show that when the mole-fraction of the solvent in a solution is nearly unity, the molarity 
(c) and molality (m) of the solution are connected by the equation 

c-pxm 
where p = density ofthe solution. 
СН-11/68 - 
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(d) The density of copper is 8.94 gms/c.c. Find out the number of coulombs of electricity 
needed to plate an area of 10 cm x 10 cm to a thickness of 1072 cm using copper sulphate 
solution as an electrolyte. (Cu = 63.5) 4 

3. (a) What are the shapes of NH3 and BF; molecules? 1 

(b) Cane sugar is а covalent compound but it dissolves in polar solvent water—why? 1 

(c) Which one of NF3 and NH; is more polar and why? 2 

(d) Cite one example (with balanced equation) of each of the following reactions : 2 

(i) decomposition (ii) double decomposition 
(iii) elimination (iv) rearrangement. 
(e) A gaseous hydrocarbon has the empirical formula CH». At a given temperature and 
pressure, it has the density 3.86 gms/litre. At this condition oxygen has the density 2.21 gms/ 


litre. Find out the molecular formula of the compound. 4 
4. (a) What is the equivalent weight of 180? 1 
_ (b) In which mode of expression, the concentration of a solution remains independent of 
temperature? 1 
(i) Molarity - (ii) Normality 
(iii) Formality (iv) Molality. 
(с) Basicity of H3PO», H3PO; and H3PO4 are same—justify or criticise. 3 


(d) At a particular temperature, the number of moles of different constituents for the reaction 
№ + 3H2 = 2NH; are (1-a) for №2, 3(1-c:) for H2 and 2a for NH. Find out Kp in terms of 
а and the total pressure. Show that a will increase with the increase of the total pressure. 
Assume that a<<1, 5 

5. (a) How will you convert SO; into H2S? Give equations for the reactions involved. 2 

(b) How would proceed to convert nitrogen di-oxide into NH; by using (i) KMnO, soln., 
(ii) Zn-dust, (iii) NaOH? Give equations for the reactions. 3 

(c) Give the equation for the auto-oxidation of 2-ethyl anthraquinol to produce H202. Why 
is the process called auto oxidation? What is the advantage of this process? Give an example 
of a reaction with equation in which ozone acts as an oxidant but no oxygen is produced. 
Which element is a stronger oxidant than ozone? 5 

6. (a) What is glacial phosphoric acid? 

(b) Acidity of H3PO; and H3PO, acids are almost of same strength —Why? 

(c) How would you detect iodide and bromide in presence of each other? 

(d) How CO; is produced in fire extinguisher and baking powder? 


7. (a) Why bauxite with high silica content cannot be purified by Bayer's process? 
(b) What is rouge? Give the simplest method of its preparation. 
(c) Give reasons : 
(i) No flux is used in the extraction of Zn by carbon reduction process. 
(ii) Fex(CO3); is not obtained by reaction of FeCl; with №а:СОз. 
(iii) In the extraction of copper no reducing agent is required. 3 
(d) Zn can be extracted by electrolysis of ZnSO, solution. Can Al be extracted by 
electrolysing Al;(SO4)5 solution? Discuss. 4 


-N RU мо س‎ 


[xLi] 


8. (a) Write the major product in the following reaction : i 
Ағ2О 


СНз CH? CH СНз ——> 
H20 
heat 
Ф N(CH3)31° 
(b) Explain why the Grignard reagent from BrCH?C = CH cannot be prepared. 2 
(c) How many isomers of butene are possible? Indicate the type of isomerism among them. 


2 

(d) How many isomers are possible for CH2Cl» assuming carbon to have (i) rectangular 
planar geometry and (ii) square planar geometry? 2 
(e) Why ethyl benzene is not prepared by simple alkylation of benzene? Devise a conveniant 
route for its synthesis. 3 
9. (a) Give an example of the reaction where a Grignard reagent acts as a reducing agent. 

1 


(b) Sodium metal can be used for drying diethyl ether, but not for an alcohol.—Explain. 
1 


(c) Study the compounds A to D and answer the following questions : 4 
А = СНОН; B=CH3CO2Na; C=(CH3CO),0;  D-CH3CHO 


CH20H 
(i) Which one gives effervescence with NaHCO; solution? 
(ii) Which one is oxidised by alkaline KMnO; to a solid product? 
(iii) Which one is a strong electrolyte? 
(iv) Which one gives an orange-yellow precipitate with Brady's reagent? 
(d) How would you carry out the following conversions as indicated? 4 
(i) Methanol from formaldehyde without using reducing agent; 
(ii) Alkyl bromide to a primary alcohol having two more carbons than the bromide; 
(iii) a-bromoacetic acid from acetic acid; 
(iv) Acetaldehyde from acetone. 


10. (a) What is the molecular weight of the product in the following reaction? 1 
OH ^ 
wes H20 
+HCI+HCN — Product 


(an 

(b) What happens when chlorobenzene is treated with sodamide in liquid ammonia? 1 

(c) Write the structure and name of the product when aniline and benzaldehyde is heated 
together. My 

(d) How will you obtain the following? 2 

(i) Phenylhydroxylamine from benzene. (ii) Phenylhydrazine from aniline. 

(е) How do you detect the presence of nitro group in an aromatic compound? Write the 
reaction(s). 2 

(f) Describe two reactions by which you can differentiate aniline from nitrobenzene. — 3 
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1.1.T. CHEMISTRY (Screening Test) : 2001 


Use the values of the constants as given below : 


Planck’s constant, h = 6.626 х 1034 Js 
Atomic Numbers : Cr = 24, Mn = 25, Fe = 26, Co = 27, Pt - 78 


1. In the presence of peroxide, hydrogen chloride and hydrogen iodide do not give anti- 
Markovnikov addition to alkenes because 
(A) both are highly ionic 
(B) one is oxidising and the other is reducing 
(C) one ofthe steps is endothermic in both the cases 
(D) all the steps are exothermic in both the cases 


2. The correct order of basicities of the following compounds is 


O 
үн 
CH3 заб СНз = CH - NH (СНз) NH СНз - C - NH? 
NH) 
1 2 3 4 
(A) 2>1>3>4 (B) 1>3>2>4 
(C) 3>1>2>4 (D) 1>2>3>4 
3. The compound that will react most readily with NaOH to form methanol is 
(A) (CH34N*T- (B) CH30CH3 
(C) (CH3S*I- (D) (CH3))CCI 
4. The number of isomers for the compound with molecular formula C;BrCIFI is 
(A) 3 (B) 4 (С) 5 (D) 6 


5. In thermodynamics, a process is called reversible when 
(A) surroundings and system change into each other 
(B) there is no boundary between system and surroundings 
(C) the surroundings are always in equilibrium with the system 
(D) the system changes into the surroundings spontaneously 
6. Ina solid ‘AB’ having the NaCl structure, ‘A’ atoms occupy the corners of the cubic unit 
cell. If all the face-centered atoms along one of the axes are removed, then the resultant 
stoichiometry of the solid is 
(A) AB? (В) AB (C) A4Bs (D) A3B4 
7. The wavelength associated with a golf ball | weighing 200 g and moving at a speed of 5 
m/h is of the order 
(A) 10719 m (В) 10720 т (С) 10730 т (D) 10-40 т 
8. The quantum numbers +1/2 and —1/2 for the electron spin represent 
(A) rotation of the electron in clockwise and anticlockwise direction respectively 
(B) rotation of the electron in anticlockwise and clockwise direction respectively 
(C) magnetic moment of the electron pointing up and down respectively 
(D) two quantum mechanical spin states which have no classical analogue 
9. Which one of the following statements is false? 
(A) Work is a state function 
(B) Temperature is a state function 
(C) Changeinthestate iscompletely defined when the initial and final states are specified 
(D) Work appears at the boundary of the system 
10. The root mean square velocity of an ideal gas at constant pressure varies with density 
(d) as 
(A) d? (B) d (C) vd (р) 1/Nd 


п. 


12., 


13. 


[хый] 


The reaction, 3CIOGq) >C1O3(aq) + 2Cl(ag), is an example of 

(A) oxidation reaction (B) reduction reaction 

(C) disproportionation reaction (D) decomposition reaction 

The set with correct order of acidity is 

(A) HCIO < НСО) < HCIO3 < HCIO4 

(B) HCIO% < HCIO; < HCIO2 < HCIO 

(C) HCIO < HCIO, < HCIO; < HCIO2 

(D) HCIO, < HCIO? < HCIO; < HCIO 

An aqueous solution of 6.3 g oxalic acid dihydrate is made up to 250 ml. The volume 


of 0.1 N NaOH required to completely neutralize 10 ml of this solution is 


14. 


15. 


(A) 40 ml (B) 20 ml (C) 10 ml (D) 4ml 
The number of S-S bonds in sulphur trioxide trimer (5309) is 
(A) three (B) two (C) one (D) zero 


The chemical composition of ‘slag’ formed during the smelting process in the extraction 


of copper is 


16. 


(A) СиО + FeS (B) FeSiO; 

(C) CuFeS2 (D) CuzS + FeO 
The common features among the species СМ”, CO and NO* are 
(A) bond order three and isoelectronic 

(B) bond order three and weak field ligands 

(C) bond-order two and n-acceptors 

(D) isoelectronic and weak field ligands 


The questions below (17-21) consist of an ‘Assertion’ in column 1 and the ‘Reason’ in 
column 2. Use the following key to choose the appropriate answer. 


(A 


co 


(B) 


— 
ео 


21. 


If both assertion and reason are CORRECT, and reason is ће CORRECT explanation 
of the assertion. | 

If both assertion and reason аге CORRECT, but reason is NOT the CORRECT 
explanation of the assertion. 

If assertion is CORRECT, but reason is INCORRECT. 

If assertion is INCORRECT, but reason is CORRECT. 


Assertion (column 1) Reason (column 2) 


. Addition of bromine to trans-2-butene Bromine addition to an alkene is an electro- 


yields meso-2, 3-dibromobutane. philic addition. 

Dimethylsulphide is commonly used К reduces the ozonide giving water soluble 
for the reduction ofan ozonide ofan dimethyl sulphoxide and excess of it evapo- 
alkene to get the carbonyl compounds. rates. 


. In апу ionic solid [MX] with Schottky Equal numberofcation and anion vacancies 


defects, the number of positive and are present. 
negative ions are same. 

. In strongly acidic solutions, aniline The amino group being completely protona- 
becomes more reactive towards ted in strongly acidic solution, the lone pair 
electrophilic reagents. of electrons on the nitrogen is no longer 


available for resonance. 


Between SiCl4 and CCl4, only SiCl4 SiCl, is ionic and CCl, is covalent. 
reacts with water. 
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22. Inthe standardization of Na5S503 using K2Cr207 by iodometry, the equivalent weight 
of K2Cr207 is 


(A) (molecular weight)/2 (B) (molecular weight)/6 1 

(C) (molecular weight)/3 (D) same as molecular weight 
23. The complex ion which has no ‘d’ electrons in the central еа! че is 

(A) [MnO4]- (B) [Co(NH3)g] 

(C) [Fe(CN)gP- (D) [Cr(H»0)g- 
24. The set representing the correct order of first ionization potential is 

(А) К> Na? Li (B) Be» Mg > Са 

(С) B>C>N . (D) Ge» Si» C 


25. The correct order of hybridization:of the central atom in the following species NH3, 
[PtCI4 P, PCl; and BCI; is 


(A) dsp?, dsp?, sp? and sp? (B) sp?, dsp, dsp?, sp? 
(С) dsp, sp?, sp3, dsp? (D) dsp, sp?, sp?, dsp? 
26. Fora sparingly soluble salt ApBg, the relationship of its solubility product (Ls) with its 
solubility (S) is 
(А) L, = SP". pP. qd (B) Lş = SP. ра. q? 
(С) 1; = 5Р9, pP. 49 (D) Ls = SP4. (pq)P-4 


27. Saturated solution of KNO;3 is used to make ‘salt-bridge’ because 
(A) velocity of K* is greater than that of NO3 
(B) velocity of NO3 is greater than that of K 
(C) velocities of both K* and NO3 are nearly the same 
(D) КМО; is highly soluble in water 
28. The correct order of equivalent conductance at infinite dilution of LiCl, NaCl and KCI 


(A) LiCl > NaCl > KCI (B) KCI > NaCl > LiCl 
(C) NaCl > KCI > LiCl ^ (D) LiCl > KCI > NaCl 
29. If ‘I’ is the intensity of absorbed light and “С” is the concentration of AB for the photo- 
chemical process AB + hv — AB*, the rate of formation of AB* is directly proportional to 
(A) C (B) I (c) P (D) СІ 
30. Atconstant temperature, the equilibrium constant (К) for the decomposition reaction 
N204 = 2 МО» is expressed by К, = (4x2P)/(1 — х2), where P = pressure, x = extent of 
decomposition. Which one of the following statements is true? 
(А) К, increases with increase of P ` 
(B) r4 increases with increase of x 
(C) к increases with decrease of x 
(D) K, remains constant with change in P and x 


_ 31. А mixture of benzaldehyde and formaldehyde on heating with aqueous NaOH solution 
gives 
(A) benzyl alcohol and sodium formate 
(B) sodium benzoate and methyl alcohol 
(C) sodium benzoate and sodium formate 
(D) benzyl alcohol and methyl alcohol 


32. An Sy2 reaction at an asymmetric carbon of a compound always gives . 
(A) an enantiomer of the substrate 
(B) a product with opposite optical rotation 
(C) amixture of diastereomers 
(D) asingle stereoisomer 


gives 


34. 


35. 


Time : 
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Hydrogenation ofthe above compound in the presence of poisoned palladium catalyst 
Me н Ме 
(A) an optically active compound 
(B) an optically inactive compound 
(C) aracemic mixture 24 Ax 
(D) a diastereomeric mixture Mé H 
The reaction of propene with HOCI proceeds via the addition of 
(A) H* in the first step 
(B) CI in the first step 
(C) OH in the first step 
(D) Сі and ОН- in a single step 
1-Propanol and 2-Propanol can be best distinguished by 
(A) oxidation with alkaline KMnO, followed by reaction with Fehling solution 
(B) oxidation with acidic dichromate followed by reaction with Fehling solution 
(C) oxidation by heating with copper followed by reaction with Fehling solution 
(D) oxidation with concentrated H2SO4 followed by reaction with Fehling solution 
АЛ. CHEMISTRY : 2001 
Two hours Maximum marks : 100 


Note : 


(i) 
(i) 


(iii) 


v) 
v) 


There are 15 questions in this paper. Attempt ALL questions. 


Answer each question starting on a new page. The corresponding question number 
must be written in the left margin. Answer all parts of a question at one place only. 


Use only Arabic numerals (0, 1, 2, ‚ 9) in answering the questions irrespective of 
the language in which you answer. 


Use of Logarithmic tables is permitted. 
Use of calculator is NOT PERMITTED. 


Useful data : 

Gas constant, К = 0.082 L atm K-! mol"! = 8.314 J K mol! 

1 Faraday = 96,500 C mol! 

1СУ=1] 

Avogadro number, Na = 6.02 x 1023› 

Planck constant, h = 6.626 x 1034 J s 

Speed of light, с = 3.00 x 10 m s^! 

Atomic number : B = 5; О = 8; К = 19; Co = 27; Сг - 24; Mn = 25 

Atomic weight : Н = 1.00; B = 10.81; C = 12.00; O = 16.00; Na = 23.00; К = 39.10; 


Mn = 55.00 
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1. Compound X on reduction with LIAIH4 gives a hydride Y containing 21.7296 hydrogen 
along with other products. The compound Y reacts with air explosively resulting in boron 
trioxide, Identify Хапа Y. Give balanced reactions involved in the formation of Yand its reaction 
with air. Draw the structure of Y. (5) 


2. A metal complex having composition Cr(NH;)4ClBr has been isolated in two forms А 
and B. The form А reacts with AgNO; to give a white precipitate readily soluble in dilute 
aqueous ammonia, whereas B gives a pale yellow precipitate soluble in concentrated ammonia. 
Write the formula of A and B and state the hybridisation of chromium in each. Calculate their 
magnetic moments (spin-only value). (5) 

3. Starting from SiCla, prepare the following in steps not exceeding the number given in 
parentheses (give reactions only) : 

(i) silicon (1) 
(ii) linear silicone containing methyl groups only (4) 

(iii) Na2SiOs (3) (5) 

4. Hydrogen peroxide solution (20 ml) reacts quantitatively with a solution of KMnO4 (20 
ml) acidified with dilute HySO4. The same volume of the КМпОд solution is just decolourised 
by 10 ml of MnSO, in neutral medium simultaneously forming a dark brown precipitate of 
hydrated MnO». The brown precipitate is dissolved in 10 ml of 0.2 M sodium oxalate under 
boiling condition in the presence of dilute HySO4. Write the balanced equations involved in the 
reactions and calculate in molarity of H202. (5) 


5. How would you synthesise 4-methoxyphenol from bromobenzene in NOT more than five 
steps? State clearly the reagents used in each step and show the structures of the intermediate 
compounds in your synthetic scheme. (5) 


6. Cyclobutyl bromide on treatment with magnesium in dry ether forms an organometallic 
A. The organometallic reacts with ethanal to give an alcohol B after mild acidification. Prolonged 
treatment of alcohol В with an equivalent amount of HBr gives l-bromo-1 -methylcyclopentane 
(C). Write the structures of A, B and explain how C is obtained from B. ( 


7. Aspartame, an artificial sweetener, is a peptide and has the following structure : 
CH2C¢Hs 


Put Дөн 


CH5-COOH 


(i) Identify the four functional groups. 

(ii) Write the zwitterionic structure. 
(iii) Write the structures of the amino acids obtained from the hydrolysis of aspartame. 
(iv) Which ofthe two amino acids is more hydrophobic? (5) 


8. An alkene A (СН в) on ozonolysis gives only one product B (CgHgO). Compound B on 
reaction with NaOH/I2 yields sodium benzoate. Compound В reacts with KOH/NH2NH; yielding 
a hydrocarbon С(С$Н о). Write the structure of compounds В and C. Based on this information 
two isomeric structures can be proposed for alkene A. Write their structures and identify the 
isomer which on catalytic hydrogenation (H2/Pd-C) gives a racemic mixture. (5) 


9. The compression factor (compressibility factor) for one mole of a van der Waals gas at 
0°С апа 100 atmosphere pressure is found to be 0.5. Assuming that the volume ofa gas molecule 
is negligible, calculate the van der Waals constant a. (5) 


Д 10. The rate of a first-order reaction is 0.04 mol litre"! s"! at 10 minutes and 0.03 mol 
litre! s7! at 20 minutes after initiation. Find the half life of the reaction. (5) 
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11. A white substance A reacts with dilute H2SO, to produce a colourless gas B and a 
colotirless solution C. The reaction between B and acidified K2Cr207 solution produces a green 
solution and a slightly coloured precipitate D. The substance D burns in air to produce a gas E 
which reacts with B to yield D anda colourless liquid. Anhydrous copper sulphate is turned blue 
on addition of this colourless liquid. Addition of aqueous NH3 or NaOH to C produces first a 
precipitate, which dissolves in the excess of the respective reagent to produce a clear solution 
in each case. Identify А, B, C, D and E: Write the equations of the reactions involved. (10) 


12. (a) Identify A, B, C, D and E in the following schemes and write their structures : 


Br/CCl NaNH HgSO,/H2SO4 . . 
m HE, „нё, ig. PO 
\\ NH;NHCONH; 
С ———— D 


NaOD/D5O (excess) 
oo 


E 


(b) Identify X, Y and Z in the following synthetic scheme and write their structures. Explain 
the formation of labelled formaldehyde (H2C*O) as one of the products when compound Z is 
treated with HBr and subsequently ozonolysed. Mark the C* carbon in the entire scheme. 


ВаС*Оз + H2804 ————> X (gas) [C* denotes С!4] 


(i) Mg/ether LiAIH4 
CH, = СН-Вг —————— Y ———> Z 
(ii) X 
(iii) H3O* (5+5) 


13. When 1-репіупе (A) is treated with 4N alcoholic KOH at 175°C, it is converted slowly 
into an equilibrium mixture of 1.3% 1-pentyne (4), 95.2% 2-pentyne (B) and 3.5% of 1, 2- 
pentadiene (C). The equilibrium was maintained at 175?C. Calculate AG? for the following 
equilibria ; 


В == Аб? =? 

В== AG? =? 
From the calculated value of AG ° and AG»? indicate the order of stability of 4, B and C. Write 
a reasonable reaction mechanism showing all intermediates leading to A, B and C. (10) 


14. The standard potential of the following cell is 0.23 V at 15°С and 0.21 V at 35*C. 
Pt | H2 (е) | HCI (ag) | AgCI (s) | Ag (S) 


(i) Write the cell reaction. 
(ii) Calculate AH? and AS for the cell reaction by assuming that these quantities 
remain unchanged in the range 15?C to 35°С. 
(iii) Calculate the solubility of AgCI in water at 25°C. Given : The standard reduction 
potential of the Ag*(aq)/Ag(s) couple is 0.80 V at 25°С. (10) 


15. The vapour pressure of two miscible liquids А and В are 300 and 500 mm of Hg 
respectively. In a flask 10 moles of A is mixed with 12 moles of В. However, as soon as B is 
added, A starts polymerising into a completely insoluble solid. The polymerisation follows first- 
order kinetics. After 100 minutes, 0.525 mole-of a solute is dissolved which arrests the 
polymerisation completely. The final vapour pressure of the solution is 400 mm of Hg. Estimate 
the rate constant of the polymerisation reaction. Assume negligible volume change on mixing 
and polymerisation, and ideal behaviour for the final solution. (10) 
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H. S. CHEMISTRY : 2002 
Second Paper 
Group— A 
Answer any two questions. 


1. (a) A 7 U-atom emits eight a-particles and six B-particles. What will be the atomic 


mass and atomic number of the produced atom? 2 
(b) There is only cl isotope in a sample of chlorine gas. Calculate the number of neutrons 
present in 5'6 litres of this sample at N.T.P. 2 
(c) Write down the electronic configuration of *Ca2* and ‘S’ D 
(d) Complete the following nuclear reaction : 2 

4 M, 1 


He * 7N —*-H 
(e) Name two redioactive elements. Some elements are radioactive, some are not—why? 

` 
2 


2. (a) Indicate the nature of bonds in the following compounds :. 2 
Nal, NaH, H20, CaS 

(b) Indicate the number of electrons in the outermost shell of the central atom in the following 

compounds : : 2 
PCls, BF3, SFG, NH3 , 

(c) Write Dobereiner’s law of triads. Give example. 2 

(d) Write two properties of transition elements : 2 


(е) What do you understand by the term ‘Diagonal relationship of elements’ in the periodic 
table? 2 


3. (a) Mention which of the following molecules will not have hydrogen bonds. Give reason. 
2 


H20, CHI, НЕ 
(b) Mention the polar and non-polar molecules among the following compounds : 2 
НСІ, Н, CHCls, 50; 
(с) Why the inert gases do not generally take part іп chemical reaction? 2 
(d) НСІ is volatile but NaCl is not—why? 2 
(e) Both СО» and N20 molecules are linear. But CO? molecule is non-polar and N20 
molecule is polar—why? 2 
4. (a) Mention oxidation number : 2 
(i) N203 — oxidation number of ‘N’. 
(ii) HNO3 — oxidation number of ‘N’. 
(iii) KyCr)O; — oxidation number of ‘Cr’. 
(iv) K2CrO4 — oxidation number of ‘Cr’. 
(b) Cite with example that ‘hydrogen addition’ тау be treated both as oxidation and 
reduction. 2 
(c) (i) Balance the following equation by oxidation number method : 
C + H2504 — CO; + SO; + H20 
(ii) Give one example of auto oxidation-reduction, 1+1 
(d) Calculate the equivalent weight of the underlined compounds in the following two 
reactions : À 2 
(i) FeSO} + KMnO4 + H2504 > 
K2SO4 + MnSO, + Fey(SO4); + H20 
(K = 39; Mn = 55; O = 16) 
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(ii) MnO) + НСІ > MnCl + Cl; + H20 

(Mn = 55; O = 16) 
(е) What is electrochemical series? Why hydrogen is not formed by the reaction of copper 
and dilute acid? 2 


Group — B 
Answer any fwo questions. 

5. (a) Write differences between ‘gangue’ and“slag’. 2 
(b) What is alloy? Give examples. 2 
(c) What is self-reduction process? 2 
(d) Write down the chemical formulae of the following ores : 

Chalcopyrites, Magnetite, Bauxite, Dolomite. 2 
(е) Why sodium and calcium metals are not available in free state in nature? 2 


6. (a) Why graphite rod is used as anode in Down’s process for the extraction of sodium. 


2 

(b) How is Blue vitriol manufactured from copper scrap? 2 

(c) Why is calcium not extracted by carbon reduction process? 2 

(d) How is cast iron extracted from iron-ore? 4 

7. Give reasons : 

(a) Aqueous solution of copper sulphate is acidic though the salt is neutral. 2 

(b) Ammonia or alcohol cannot be dried by using anhydrous calcium chloride. 2 

* (с) Anhydrous zinc chloride cannot be prepared by heating hydrated zinc chloride 

(ZnCl?.H20). 2 
(d) Al203 is an amphoteric oxide. 2 

(e) A red layer is formed on the upper surface of an iron knife when the knife is kept 

immersed in copper sulphate solution. 2 

- 8. Write with equations, what happens when : 

(a) A solution of potassium iodide is mixed with copper sulphate solution. 2 

(b) Dry chlorine gas is passed through hot AIO; and coke mixture. ‘ 2 

(c) Potassium nitrate solution is added to Ferrous sulphate solution containing conc. H2SO4. 

ү 2 

(d) A mixture of sodium nitrate, zinc powder and caustic soda solution is heated. 2 

(e) Excess CO» gas is passed through clear lime water slowly. 2 

Group — C 
Answer any four questions. 
9. (a) Write down the IUPAC names of the following compounds : 2 


CH; 
(i) CH; H— H—CH; 
H 
СНз, С2Н5 


(ii) cH;—CH— CH—cooH : 
(b) Write down the structural formulae of the following compounds : 
(i) Hex-1-ene-3-ol. 
(ii) 1, 3 dichloro-2-propanone. 


[хіх] 


(с) How would you distinguish between Ethylene and Acetylene? 2 
(d) Why formic acid cannot be dried by concentrated sulphuric acid? 2 
(е) Ozonolysis of compound A (СтоНиз) yields two moles of acetone and one mole of 
OHC-CH;-CH?-CHO. Give the structure of A. 2 


10. How will you prepare? 

(a) Ethyl alcohol from Acetylene. 

(b) Benzoic acid from Aniline. 

(c) Acetone from Acetaldehyde. 

(d) Phenylhydrazine from Nitrobenzene. 
(e) Aniline from Chlorobenzene. 

11. Write with equations what happens when : 5x2=10 
(a) Acetylene is passed through 20% H2SO4 solution containing 1% HgSO4 at 80°С. 

(b) Reaction product of benzaldehyde and concentrated NaOH is made acidic. 

(с) Methane and Chlorine are allowed to react under diffused sunlight. 

(d) A mixture of acetone, iodine and caustic soda is heated. 

(e) Benzene is ozonised and then allowed to undergo hydrolysis. 


12. Write short notes on : 5x2=10 

(a) Coupling Reaction. 

(b) Hofmann Reaction. 

(c) Markownikoff’s Rule. 

(d) Friedel-Craft Reaction. 

(e) Metamerism. 

13. Explain : 5х2=10 

(a) Acetaldehyde responds to haloform reaction. 

(b) Formic acid may act as a reducing agent. 

' (c) Two hydrogen atoms of acetylene are acidic. 

(d) Ortho-nitrophenol can easily be distilled than para-nitrophenol. 

(e) Benzene molecule has three double bonds but its addition reaction is not easy. 

14. (a) How will you prepare benzene starting from carbon and hydrogen? 2 

(b) An organic compound having the molecular formula C4H¢O3 (A) reacts with water. 
One molecule of ‘A’ produces two molecules of an organic acid (B). ‘A’ forms amide (C) on 
reaction with ammonia. ‘B’ also forms the amide compound. The compound ‘C’ forms 
acetonitrile on reaction with P2Os. Identify А, B and C. Write down the reactions. 6 

(c) Ethyl alcohol is miscible with water but diethyl ether is not—explain. 2 


5x2-10 
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1. (a) Complete the equation ^t * 0 ——À pie: + A 1 
(b) Hydrogen atom has only one electron but its spectrum shows many lines. Why? 2 
(c) Explain why the a-particles were scattered by the gold-foil in Rutherford’s gold- 
foil experiment, and yet the same a-source can cause a nuclear reaction with , Be. Point out the 


significance of the two experiments in the context of atomic structure. i : 3 
(d) A, B, C and D are four elements in the same period of which A and B are S-block 


elements. B and D combine to form the compound B* D-. C and D combine to produce the 
covalent compound CD». 
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(i) What is the formula of the compound formed by A and D? 
(ii) What is the nature of the above compound? 
(iii) Find out the formula and the nature of the compound formed by Band C. . 4 


2. (a) At temperature, T, and pressure P, two ideal gases, A and B are mixed. Show that 
the density, d of the mixture is given by d = (ХАМА + ХвМв) х D where ХА, Хв are the 
molefractions and MA, Mg are the molecular weights of the gases А and B respectively. 4 

(b) Pure water and pure hydrogen chloride are non-conductors of electricity, but their mixture 
conducts electricity.—Explain. 2 

(c) When 50 ml ethanol and 50 ml water are mixed, predict whether the volume of the 
solution is equal to, greater than or less than 100 ml. Explain briefly. Is the solution ideal or 
non-ideal? 2 

(d) Balance by oxidation number method : 9 

Fe304 + CO — FeO + CO2. 


3. (а) CH; is planar. Mention hybridisation of carbon atom in it. In which orbital the unpaired 
electron is present? 2 

(b) CO? and N20 are both linear molecules, but CO; is non-polar while N20 is polar. 
Why? 

(c) At 300 K and 2'0 atm. pressure, gaseous HF has the density of 4:87 gms/litre. What is 
the molecular weight? Account for any discrepancy observed їп the value. 3 

(d) 10 ml oxygen is added to a 30 ml mixture of carbon monoxide and carbon di-oxide and 
the mixture is now exploded by electric spark. When the produced gas mixture is shaken with 
caustic potash solution the remaining gas is 5 ml oxygen. Determine the quantity of the CO 
and СО» present in the mixture (by volume). All the volumes mentioned above are measured 


at N.T.P. 3 
4. (a) Give an example of a metallic oxide which is not basic but acidic. 1 
(b) A sodium carbonate solution of strength 0`408 M has a density of 10816 g/ml. Find the 

molality ofthe solution. 2 


(c) The oxides of two metals (A and B) are isomorphous. The atomic weight of A is 52 and 
the relative density of its chloride is 79. The oxide of B contains 47:196 oxygen. Find the 
atomic weight of B. 3 

(d) 0:635 gm Cu was dissolved in 5:0 ml hot 60% HNO; (Sp. gr. = 1:5). When the reaction 
came to an end, the volume of the solution was adjusted to 250°0 ml. What is the normality of 


the solution with respect to HNO3? (Cu = 63°5) 4 
5. (a) Why concentrated Н504 has very high viscosity? 1 
(b) Identify A to D : 2 

strongly 


A (green solid) ier? B (gas) + C (gas) + D (brown residue) 


K2Cr20; (aq. ОШО) + B + С ———— green coloured solution 

В + H5SO, (concentrated) ————» oleum 

D + carbon —"#t_, СО + residue (magnetic substance) 
(с) Why CO is poisonous gas but CO» is not? Write their structures to explain. 3 
(d) 560°0 ml oxygen at STP can be obtained from 16'0 ml of a H207 solution when treated 


with ozone. Find out the strength of solution in normality. What is the per cent strength of the 
solution? 4 


[ xLxii ] 


6. (a) How borax is obtained from sodium metaborate? 1 
(b) Give an example where two acidic substances react to form ап alkaline substance. 1 
(c) Hydrofluoric acid can form bifluorides but hydrochloric acid cannot form bichlorides. 
—Explain. 3 
d Solid A on being heated to 250°C in an atmosphere of inert gas in presence of I2 yields 
solid B. When B is treated with conc. НМОз, a tribasic acid is obtained. When A is heated with 
conc. NaOH solution in an atmosphere of argon gas yields a gas mixture which when passed 
through a U-tube, kept in freezing mixture, liquid C is obtained and the other gas D passes out. 
C when comes in contact with air burns spontaneously, when D is passed through CuSO, 


solution, a ppt. E is obtained. Identify A to E and give equation. 5 
7. (a) Why is chalconite roasted and not calcined while extracting copper from it? 1 
(b) Write down the effect of heat on the following compounds : 4 

(i) hydrated aluminium chloride (ii) green vitreol 
(iii) cupric oxide ' (iv) gypsum 
(c) What is the reducing agent of haematite in the blast furnace? What is tempering of 

steel? What is its utility? What is the role of limestone in the extraction of iron? 5 

8. (a) How could you convert acetylene to dichloro acetaldehyde? 1 


(b) The ozonide of an olefin on treatment with LiAIH4 gives ethanol and propan-2-Ol. 
Draw the structure of the hydrocarbon and the ozonide. 2 

(c) Write the structures of all possible isomeric alcohols of molecular formula C4H 00. 
How many 7-diastereoisomers are possible in each case after dehydration? 3 


(d) Write the structures of A, В, С and Р in the following sequence of reactions : 4 
CH3 
H2504 А Вг; B H2504 c hot KMnO4 D. 
` S03 Fe A, steam 


9. (a) Write the name and structure of the ethyl ester of an aliphatic acid which on 
treatment with Grignard reagent gives a secondary alcohol. Logically support your answer. 


2 
(b) Convert acetic acid to propanoic acid using diazomethane as one of the reagents. 
What is the name of this synthesis? А 3 


(c) Carry out (i) Williamson synthesis, (ii) Cannizzaro reaction, (iii) Hofmann 
degradation reaction utilising appropriate chemicals from the list given below. Write the 
structure of product(s) in each case : 5 

С›Н$ОН, CgHg, СН5СНО, CH3CHO, С›Н;1, CsHsNH2, CH3CONH2, Na, 
Zn(Hg), NH2NH», Вг), AICI; (anhyd), NaOH, H2S04 

10. (a) What happens when phenol is treated with sodium in liquid ammonia? 1 

2 


(b) Give the structures and names of A and B in the following reactions : 
NH2 


CHCh conc. HCI 
—— A —— В 
alcoholic KOH heat 


(c) State whether the following reactions are feasible or not. If feasible, write the 


structure of the product(s). 2 
OH 


NO2 ч 
: CHC! ó chci 
(i) a (ii) Say 
Anhyd. AICI; Anhyd. AICI; 
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(d) Nitrobenzene on chlorination with С/Ее gives m-chloronitrobenzene; but 


chlorobenzene on nitration does not give the same product.—Explain. 2 
(e) How do you convert aniline into nitrobenzene and Непа acid without the 
intermediacy of benzene? 3 


LLT. CHEMISTRY (Screening Test) : 2002 


Useful data : 
Mass of electron = 9:108 x 1073! kg 


Avogadro number = 6:023 x 1023 
Gas constant R = 0'082 L atm К^! mor"! 
Atomic number : Li = 3, Be = 4, В =5, C=6 


1. How many moles of electron weigh one kilogram? 


у 3 1 1 

(А) Bs x 102 (B) ES x 10? 
54 8 
(С) gog * 10 (D) soreo * 10 


2. Which ofthe following volume (V) — temperature (T) plots represents the behaviour of 
one mole of an ideal gas at one atmospheric pressure? 


уй) 4 (38.81, viL) 
(A) jue 373K) (B) 
(28.6 L, 
373 К) 
A A 
(2241. (204 L, 
273 K) 273 K) 
T(K) TK) 
(С) мол (D мо 
(30.61, 
373 К) { 
14.2 L, 
A A GBK 
(22.4 L, (224 L, 
273 К) 273 К) 
т(к) T(K) 
3. Which of the following acids has the smallest dissociation constant? 
(A) CH3CHFCOOH (B) FCH;CH;COOH 
(C) BrCH;CH;COOH (D) CH3CHBrCOOH 
4. Which of the following compounds exhibits stereoisomerism? 
(A) 2-methylbutene-1 (B) 3 methylbutyne-1 


(C) 3-methylbutanoic acid (D) 2-methylbutanoic acid 
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5. The nodal plane in the z-bond of ethene is located in 
(A) the molecular plane 
(B) a plane parallel to the molecular plane 
(C) a plane perpendicular to the molecular plane which bisects the carbon—carbon o- 
bond at right angle 
(D) aplane perpendicular to the molecular plane which contains the carbon—carbon o- 
bond 


е 


. Polyphosphates are used as water softening agents because they 
(A) form soluble complexes with anionic species 
(B) precipitate anionic species 
(C) form soluble complexes with cationic species 
(D) precipitate cationic species 


7. Identify the correct order of acidic strengths of CO», CuO, CaO, H20 
(А) Сао < CuO < H20 < CO? (В) H20 < CuO < CaO < CO2 
(С) CaO < H50 < CuO < CO; (D) H30 < СО» < СаО < СиО 
8. Identify the least stable ion amongst the following : 
(A) Li | (В) Be (C) B- (D) C7 
9. Which of the following molecular species has unpaired electron(s)? 
(АЛЧЫ: (В) F2 (С) О; (D) 02" 


10. Consider the following reaction : 
H3C — pail Gils RlutiBr o gu *HBr 


р СНз 

Identify the structure of the major product *X* 

(А) Hic— OH eu em (B) BE O в 
D "СНз D . CH 

© С Е ү I A -CH3 (D) ево ен сн; 
D CH; CH3 


11. Identify areagent fromthe following list which can easily distinguish between 1-butyne 
and 2-butyne 
(A) bromine, CCl4 (B) Н», Lindlar catalyst 
(C) dilute HySO4, HgSO4 (0) ammoniacal CuzCl solution 
12. Identify the correct order of boiling points of the following compounds : 
Бенсон CH3CH3CH3CHO, CH3CH,CH,COOH 
2 3 


(A) 1>2>3 (B) 3>1>2 (C) 1>3>2 (D) 3>2>1 


13. Identify the set of reagents/reaction conditions ‘X’ and ‘Y’ in the following set of 
transformations : 


CH; — CH; — CH9Br —*> Product —Y-> CH;— үн сн, 


Вг 
(A) X = dilute aqueous NaOH, 20°С; Y = HBr/acetic acid, 20°С 
(B) X = concentrated alcoholic NaOH, 80°C; Y = HBr/acetic acid, 20°С 
(C) X = dilute aqueous NaOH, 20°C; Y = Br?/CHCl; 0°C 
(D) X = concentrated alcoholic NaOH, 80°C; Y = Br?/CHCl;, 0°C 
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14. Which ofthe following hydrocarbons has the lowest dipole moment? 


(A) HC „в; (B) CHC = CCH; 
наа 
H H 
(C) CH3CH2C = CH i (D) CH? =CH-C=CH 


15. Compound ‘A’ (molecular formula C3HgO) is treated with acidified potassium 
dichromate to form a product ‘B’ (molecular formula C3H¢0). ‘B’ forms a shining silver mirror 
on warming with ammoniacal silver nitrate. *B' when treated with an aqueous solution of 
H2NCONHNH)». HCI and sodium acetate gives a product “С”. Identify the structure of ‘C’ 


(A) CH3CH2CH = NNHCONH; (В) CH3- C = NNHCONH5 
da CH3 
(С) CH3 - C= NCONHNH? (D) CH3CH2CH = NCONHNH2 
CH3 


16. Identify the correct order of reactivity in electrophilic substitution reactions of the 
following compounds : 


CH3 cl NO; 
1 2 3 4 
(A) 1>2>3>4 (B) 4>3>2>1 


(С) 2>1>3>4 (D) 2>3>1>4 


17. A substance A,B, crystallizes in a face centered cubic (FCC) lattice in which atoms ‘A’ 
occupy each corner of the cube and atoms ‘B’ occupy the centers of each face of the cube. 
Identify the correct composition of the substance А,В, 


(А) AB; (B) А4Вз 

(С) A3B (D) Composition cannot be specified 
18. When the temperature is increased, surface tension of water 

(A) increases (B) decreases 

(C) remains constant (D) shows irregular behaviour 


19. Rutherford's experiment, which established the nuclear model ofthe atom, used a beam 
of 

(A) В - particles, which impinged on a metal foil and got absorbed 

(B) y- rays, which impinged on a metal foil and ejected electrons 

(C) helium atoms, which impinged on a metal foil and got scattered 

(D) helium nuclei, which impinged on a metal foil and got scattered 


20. Ifthe Nitrogen atom had electronic configuration.157, it would have energy lower than 
that of the normal ground state configuration 152 252 2р3, because the electrons would be closer 
to the nucleus. Yet, 157 is not observed because it violates 

(A) Heisenberg uncertainty principle 
(B) Hund’s rule 

(C) Pauli exclusion principles 

(D) Bohr postulate of stationary orbits 


CH-11/69 
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21. Consider the following equilibrium in a closed container : 
N504(g) == 2 NO2(g) 1 ; 

Ata fixed temperature, the volume of the reaction container is halved. For this change, 
which of the following statements holds true regarding the equilibrium constant (Ky) and degree 
of dissociation (0)? 

(A) neither Кр nor a changes 

(B) both K, and а change 

(С): K, changes, but a does not change 

(D) К. does not change, but а changes | 

22. One mole ofa non-ideal gas undergoes a change of state (2.0 atm, 3.0 L, 95 К) — (4.0 
atm, 5.0 L, 245 К) with a change in internal energy, AU = 30.0 L atm. The change in enthalpy 
(AH) of the process in L atm is i 

(A) 400 . (C) 440 

(B) 423 (D) not defined, because pressure is not constant. 

23. Specify the coordination geometry around and hybridization of N and B atoms in a 1:1 
complex of BF3 and NH3 i Е 

(А) N : tetrahedral, sp ; В : tetrahedral, sp? 

(B) №: pyramidal, sp ; В : pyramidal, sp? 

(С) ЇЧ: pyramidal, sp3;  B:planar, sp? 
(D) N:pyramidal,sp?; ^ B : tetrahedral, sp? 

24. Standard electrode potential data are useful for understanding the suitability of an 
oxidant in a redox titration. Some half cell reactions and their standard potentials are given 
below : d 


MnO47 (aq.) + 8 H* (aq.) + 5e” — Mn? (aq.) + 4 НО (/) Е0= 1:51 У 
Cr2077- (aq.) + 14 H* (aq) + 667 2 2 Cr?* (aq.) + 7 H20 (D E = 1:38 У 
Fe?* (ад.) + e7 — Ее?* (ад.) ` Е0= 0:77 V 
С1 (а) + 2e7 = 2 СГ (aq.) E? = 1:40 V 
р Identify the only incorrect statement regarding the quantitative estimation of aqueous 
Fe(NO3)2 ` 


(A) MnO4; can be used in aqueous НСІ 
(В). Cr207% сап be used in aqueous НСІ 
(C) MnO4; can be used in aqueous H2504 
(D) Cr2077- can be used in aqueous H2SO4 
25. Consider the chemical reaction, N2(g) + 3H2(g) — 2 NH3(g). The rate of this reaction 
can be expressed in terms of time derivative of concentration of N2(g), Ho(g) or NH3(g). Identify 
the correct relationship amongst the rate expressions 
(A) Rate = — d [N5]/dt = —1/3 d [H2]/dt = 1/2 d [NH3]/dt 
(B) Rate = – 4 [N;]/dt = -3 d [H2]/dt = 2 d [NH3]/dt 
(C) Rate = d [N2]/dt = 1/3 d [H2]/dt = 1/2 d [NH3}/dt 
(D) Rate = —d [N2]/dt = – d [H2]/dt = d [NH 3]/dt 
26. A gas ‘X’ is passed through water to form a saturated solution. The aqueous solution 
on treatment with silver nitrate gives a white precipitate. The saturated aqueous solution also 
dissolves magnesium ribbon with evolution of a colourless gas ‘Y’. Identify ‘X’ and “Y`. 
(A) X=CO2, Y=Ch (B) X=Ch,. Y = CO2 
(С) X=Ch, Y-H) (0) X-H, Y=Ch 
27. Anaqueous solution of a substance gives a white precipitate on treatment with dilute 
hydrochloric acid, which dissolves on heating. When hydrogen sulfide is passed through the hot 
acidic solution, a black precipitate is obtained. The substance is a 
(A) Hg?*salt (В) Cu?* salt (C) Ag* salt (D) Pb?* salt 


[xLxvii ] 


28. Which ofthe following processes is used in the extractive metallurgy of magnesium? 
(A) fused salt electrolysis (B) self reduction 
(C) aqueous solution electrolysis (D) thermite reduction 
29. Anhydrous ferric chloride is prepared by 
(A) heating hydrated ferric chloride at a high temperature in a stream of air 
(B) heating metallic iron in a stream of dry chlorine gas 
(C) reaction of ferric oxide with hydrochloric acid 
(D) reaction of metallic iron with hydrochloric acid 


30. Identify the correct order of solubility of №25, CuS and ZnS in aqueous medium 


(A) CuS > ZnS > Na2S (В) ZnS > NaS > CuS 
(C) Na5S > CuS > ZnS (D) Na2S > ZnS > CuS 
ө Answer Sheet e 

1. (р) 16. (С) 

AC) 17. (A) 

3T (С) 18. (B) 

4. (D) 19. (D) 

5. (A) 20. (C) 

б (С) 21. (р) 

7. (А) 22. (C) 

8. (B) 23. (A) 

9. (С) 24. (А) 

10. (В) 25. (А) 

M. (D) 26. (С) 

12. (В) 27. (р) 

13. (В) 28. (А) 

14. (B) 29. (B) 

15. (A) 30. (D) 
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Note : 
(i) The Question Paper has 4 printed pages and has 12 questions. Please ensure.that the 
.. Сору ofthe Question Paper you have received contains all the questions. 
(ii) Attempt ALL the questions. Each question carries 5 marks. 
(iii) Answer each question starting on a new page. The corresponding Question Number |. 
must be written in the left margin. 


(iv) Do not write more than one answers for the same question. In case you attempt а 
question more than once, please cancel the answer(s) you consider to be wrong. 
Otherwise, only the answer appearing last will be evaluated. 

(v) Use only Arabic numerals (0, 1,2, 3, , 9) in answering questions, irrespective of 


the: language in which you answer. _ 
Use of Calculator is NOT PERMITTED. 
Use-of Logarithmic Tables is PERMITTED. 
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Useful data : 
Gas constant, R = 0.082 L atm K7! mol"! = 8.314 J K mor"! 

Avogadro number, Na = 6.023 x 1023 mor"! 

Planck constant, h = 6.626 х 1034 Js 

Boltzmann constant, kg = 1.38 x 10?3 J K-! 

Atomic number : B = 5, Al = 13, К = 19, Cr = 24, Fe = 26, Ni = 28, Cu = 29, Zn = 30 
Atomic weight : H 1.00, B — 10.81, C — 12.00, O — 16.00, Ni — 58.69 


1. Five isomeric para—disubstituted aromatic compounds A to E with molecular formula 
CgHgO2 were given for identification. Based on the following observations, give structures of 
the compounds. i 

(i) Both A and B form a silver mirror with Tollen’s reagent; also, B gives a positive test : 
with FeCl solution. 
(ii) C gives positive iodoform test. 
(iii) D is readily extracted in aqueous NaHCO; solution. 
(iv) E on acid hydrolysis gives 1, 4-dihydroxybenzene. 


2. 500 mL of 0.2 M aqueous solution of acetic acid is mixed with 500 mL of 0.2 M HCI at 
25°C: 
(i) Calculate the degree of dissociation of acetic acid in the resulting solution and pH of 
the solution. 
(ii) If 6 g of NaOH is added to the above solution, determine the final pH. 
[Assume there is no change in volume on mixing; Ka of acetic acid is 1.75 х 1075 mol 
171] 
3. Deduce the structures of [NiCl4]?- and [Ni(CN)4]^- considering the hybridization of the 
metal ion. Calculate the magnetic moment (spin only) of the species. 


4. The density of the vapour ofa substance at 1 atm pressure and 500 K is 0.36 kg m73. The 
vapour effuses through a small hole at a rate of 1.33 times faster than oxygen under the same 
condition. 

(a) Determine (i) molecular weight, (ii) molar volume, (iii) compression factor (Z) of the 
vapour and (iv) which forces among the gas molecules are dominating, the attractive or the 
repulsive? 

(b) If the vapour behaves ideally at 1000 K, determine the average translational kinetic 
energy of a molecule. 

5. Write balanced equations for the reactions of the following compounds with water : 

(i) AlgC3 
(ii) CaNCN 

(iii) BF3 

(iv) МС 

(у) XeF;. 

6. Identify X, Y and Z in the following synthetic scheme and write their structures. 
NA [i] NaNH; H»/Pd-BaSO, alkaline KMnO4 
CH3CH2C=C—H lii] CHaCH Br x ————2À, Y — Z 
Is the compound Z optically active? Justify your answer. 


| 
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7. How is boron obtained from borax? Give chemical equations with reaction conditions. 
Write the structure of B5Hg and its reaction with НСІ. 


8. 6Си (half-life = 12.8 h) decays by 87 emission (38%), 8* emission (19%) and electron 
capture (43%). Write the decay products and calculate partial half-lives for each of the decay 
processes. 


9. When a white crystalline compound X is heated with K2Cr207 and concentrated H2SO4, 
a reddish brown gas A is evolved. On passing A into caustic soda solution, a yellow coloured 
solution of B is obtained. Neutralizing the solution of B with acetic acid and on subsequent 
addition of lead acetate, a yellow precipitate C is obtained. When X is heated with NaOH 
solution, a colourless gas is evolved and on passing this gas into K2Hgl4 solution, a reddish 
brown precipitate D is formed. Identify A, B, C, D and X. Write the equations of reactions 
involved. 


10. Write structures of the products A, B, C, D and E in the following scheme. 


CH;CH;CH; СЪС „  NeHgHCl, p НМОун5Оу ү. 


СІ 
СН, = CHCH;O7 Na* 


коше у 
И. A biologically active compound, Bombykol (C,gH300) is obtained from a natural 
source, The structure of the compound is determined by the following reactions. 


(a) On hydrogenation, Bombykol gives a compound A, C16H340, which reacts with acetic 
anhydride to give an ester; 


(b) Bombykol also reacts with acetic anhydride to give another ester, which on oxidative 
ozonolysis (O3/H20?) gives a mixture of butanoic acid, oxalic acid and 10-acetoxy decanoic 
acid. 


Determine the number of double bonds in Bombykol. Write the structures of compound A 
and Bombykol. How many geometrical isomers are possible for Bombykol? 


12. Two moles of a perfect gas undergo the following processes : 

(a) a reversible isobaric expansion from (1.0 atm, 20.0 L) to (1.0 atm, 40.0 L); 

(b) a reversible isochoric change of state from (1.0 atm, 40.0 L) to (0.5 atm, 40.0 L); 

(c) a reversible isothermal compression from (0.5 atm, 40.0 L) to (1.0 atm, 20.0 L). 
(i) Sketch with labels each of the processes on the same P-V diagram. 


(ii) Calculate the total work (w) and the total heat change (q) involved in the above 
processes. 


(iii) What will be the values of AU, AH, and AS for the overall process? 
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H. S. CHEMISTRY : 2003 
Second Paper 
Group — А 
Answer any fwo questions. 


1. (a) What are the main differences between a chemical change and a radioactive change? 


3 
(b) Compare the following properties of œ, B and y rays : 3 
(i) Penetrating power 
(ii) Tonising power 
(iii) Kinetic energy. 
(c) Give reasons : 
` (i) Helium gas is found in uranium minerals. 2 
(ii) Although the mass number of an element is an integer, its atomic weight is often a 
fraction. 2 
2. (a) State Rutherford's atomic model and mention its defects. 2+1 


(b) How many unpaired electrons аге there in an atom with atomic number 14? 1 

(с) *The nucleus of an atom does not contain electron, yet electrons are emitted as p- 
particles from the nucleus of a radioactive atom"—explain. 

(d) Three elements А, B and C have atomic number Z, Z+2 and Z+3 respectively. Among 

these, C is an alkali metal. 

(i) To which groups of the periodic table do the elements А and B belong? p 

(ii) What will be the nature of the chemical bond between А and C and the simplest 

formula of the compound formed by them. 2 

3. (a) State the modern periodic law. п 2 

(b) What do you mean by electronegativity? Discuss with reasons the variation in electro- 

negativity of elements in the periodic table along a period from left to right and down a group 


from top to bottom. 1+3 
(c) Discuss the position of hydrogen in the periodic table. М 3 
(d) Why is the radius of chloride ion greater than that of chlorine atom? 2 
4. (a) ‘Addition of Oxygen may lead to reduction'—explain with an example. 2 
(b) Explain the natures of the chemical bonds in the structure of NH4CI. 2 


(c) (i) Find the oxidation number of chlorine in 
KCIO3 and NaOCl. 
(ii) Balance the following equation by the oxidation number method : 
CuS + HNO3 э Cu(NO3); + NO + S + H20 э 2+2 


(d) ‘Anhydrous liquid НСІ is а bad conductor of electricity but its aqueous solution is a 
strong electrolyte. —Give reason. 2 


Group — B 
Answer any fwo questions. 

5. (a) Describe with equation the Bayer process for the preparation of pure alumina from 
bauxite. 4 
(b) Describe with equations the principle of the Solvay process for the manufacture of 
sodium carbonate. 3 

(c) Discuss with equation the process of electrorefining of zinc. 3 

6. (a) Discuss the principle of the oil floatation process for the concentration of ores. What 
type of ore is usually treated by this process? 341 
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(b) Name the gases evolved on treatment of the following substances with water : 2 
(i) Sodamide 
(ii) Sodium Peroxide 
(iii) Aluminium Nitride 
(iv) Metallic Calcium 
(c) Discuss with equations the roles of coke and limestone in the extraction of iron in blast 


furnace. 4 
7. (a) How are the following substances prepared? 

(i) Plaster of Paris 3 

(ii) Common alum 3 


(b) A white solid A on heating produces a colourless, odourless gas B and another solid C, 
which is yellow in hot condition, but becomes white on cooling. The gas B is also produced 
when A is treated with dilute hydrochloric acid. C dissolves in both sodium hydroxide and 
dilute hydrochloric acid solutions. Identify A, B and C explaining the above reactions. 4 


8. (a) State with equations what happens when : 
(i) Green vitriol crystals are slowly. heated to high temperature. 
(ii) Hydrogen sulphide gas is passed into a solution of ferric chloride. 
(iii) Metallic copper is allowed to react with warm dilute nitric acid solution. 
(b) Differentiate between calcination and roasting with example. 
(c) Give the chemical formulae of the following : 
Glauber salt, Malachite. 1 


Group — C 


ч юзю кюю 


Answer any four questions. 


9. (a) Write down the IUPAC names of the following : 2 
(i) CH3—CH— CHO 
2Hs 
(ii) CH =C—CH = CH? 
H3 
(b) Give the structural formulae of the following : 2 
(i) Methyl methanoate 
(ii) 2-methoxy propane 
(c) State with reasons the values of the following bond angles : 4 
(i) H—C—H bond angle in methane 
(ii) H—C = C bond angle in ethylene 
(iii) C—C =C bond angle in benzene 
(iv) H—C = C bond angle in acetylene 
(d) What is homologous series? Give example. 2 
10. (a) Write notes on : 2 
(i) Cannizzaro’s reaction 
(ii) Wurtz reaction 
(iii) Fermentation process 
(iv) Clemmensen reduction. 
(b) Give the chemical identities of the following materials 7 2 
(i) Formalin 
(ii). Oil of wintergreen: 
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(iii) Vinegar 
(iv) ТМТ. 
11. (a) Mention one chemical test for each of the following pairs to distinguish between : 
3x2 
(i) l-butyne and 2-butyne 
(ii) Propyl alcohol and Isopropyl alcohol 
(iii) Aniline and nitrobenzene 
(b) Give reasonable explanation : 2x2 
(i) Ethanol is a neutral liquid but phenol is acidic. 
(ii) Acetaldehyde undergoes aldol condensation, but trimethyl acetaldehyde does not. 


12. How will you prepare? 5х2 
(i) Phenol from Aniline 
(ii) Methane from Acetic acid 
(iii) Benzene from Phenol 
(iv) Toluene from Benzene 
(v) Acetone from Propyne. 
13. State with equations what happens when : 5x2 
(i) A cold concentrated aqueous solution of potassium acetate is electrolysed between 
platinum electrodes. - 
(ii) Chloroform is heated with silver powder. 
(iii) An aqueous solution of Phenol is treated with bromine water. 
(iv) — cetamide is heated with bromine and caustic soda solution. 
(v) Chlorine gas is passed into cold toluene in presence of iron powder. f 
| 14. (a) Vapour of an alcohol ‘A’ when passed over heated alumina at 300°C produces 
another compound B. B on ozonolysis furnishes formaldehyde and another aldehyde “С”. A 
and C respond to iodoform test. Identify 4, B and C explaining the reactions. 6 
(b) Mention with example one use of each of the following reagents in organic chemistry : 
2 
(i) Lithium aluminium hydride 
(ii) Copper powder. 
(c) How will you separate ethylene and acetylene from their mixture? 2 


JT. ENT. CHEMISTRY : 2003 


1. (a) Give the name and atomic number of the inert gas atom in which the total number 

of d electrons is equal to the difference between the numbers of total p and total s electrons. 
2 

(b) Classify the elements having atomic numbers as given below into 3 separate pairs on 
the basis of similar chemical properties. Give brief electronic explanation : 9, 12, 16, 34, 53, 
56. 2 
(c) (i) What do you mean by artificial radioactivity? Give an example. 2 


(ii) Th disintegrates and ultimately gives РЬ. How many о-апа -particles are 


emitted during the process? 3 
(iii) Give the set of quantum numbers that describe an electron in a 3p orbital. 1 


| 
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2. (a) What is the S.I. unit of dipole moment? 1 
(b) Draw the Lewis dot diagrams for Nitric acid, Sulfuric acid, Phosphorous acid and 
Hypophosphorous acid. 2 
(c) Explain why water at 1 atmosphere pressure has the highest density at 4°С. 2 
(d) 1 gm ofa mixture of calcium carbonate and magnesium carbonate gave on ignition 240 

ml of carbon di-oxide at S.T.P. What is the percentage composition of the mixture? 5 
3. (a) Milk is an emulsion. Identify the dispersed phase and the emulsifier in milk. 1 
(b) СО» (g) is much more soluble in NaOH (aq.) than it is in water. Can you explain why? 

2 

(c) 10 ml of HCI solution gave 0:1435 g of AgCI when treated with excess of AgNO3. Find 
the normality of the acid solution. [Ag = 108] 3 


(d) The two acids H2SO4 and H3PO, are neutralized separately by the same amount of an 
alkali when sulfate and dihydrogen orthophosphate are formed respectively. Find the ratio of 
the masses of H2SO4 and H3PO,. [P = 31] 4 

4. (a) An element has its maximum and minimum oxidation states +m and — respectively 
and it does not have the possibility of undergoing disproportionation in any of its compounds. 
What is the value of m? 2 

(b) (i) A current of SA is passing through copper wire. Calculate the number of electrons 
passing through a point per second. [e = 16 x 10C] 1 

(ii) Mention two different ways of drawing the following equilibrium towards right : 
2 
СНзСООН + CH3CH;0H He. CH3COOC3Hs + H20 (all are liquids). 

(c) The amount of electricity which releases 2:6267 g of gold from a gold salt is same as 
that which dissolves 1:26 g of copper from copper anode during the electrolysis of copper 
sulphate solution. What is the oxidation number of gold in the gold salt? [At. wts. of Cu = 63, 


Au = 197]. 5 
5. (a) Give a reaction where water acts as an oxidising agent. 1 
(b) How will you separate CO and SO» from their mixture? 2 


(c) (i) What is Haber catalyst in ammonia synthesis? 


(ii) What is autocatalysis? 1+1 
(d) Fill іп the blanks : 
A K-salt Ao M e 
(A) > тву 702034 gs 
K2Cr207 + Н;504 + qw) 2 K2504 + Cra (804 + H20 + > 
KCIO4 ahs B ar XO 
Give balanced equations. + 
6. (a) What type of salts are— NayHPO3 and NaHS? 1 


(b) Why pure HI kept in a colourless bottle acquires a brown colour after sometime? 1 

(c) (i) Describe with equations what happens when carbon is heated with concentrated 
sulfuric acid. 

(ii) State how will you remove the reducing gas from it. у 1+1 

(d) What products аге obtained when white phosphorous is boiled with caustic potash 


solution? 2 
(e) Give an example for each of the following : . 4 
(i) oxidising capacity of fluorine, (ii) bleaching action of chlorine, 


(iii) reducing property of iodine, (iv) reducing property of hydraiodic acid. 
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7. (a) Which of the following metal cannot be extracted by the smelting process? 1 
Al, Zn, Fe, Pb. 
(b) Arrange the following substances in order of increasing carbon content : 1 


wrought iron, cast iron, steel. 

(c) Write down the electrodes, electrolyte and electrode reactions for extraction ofaluminium 
from pure А03. 3 
(d) (i) What is cryolite? State its use. 1 

(ii) What happens when : 
(A) Iron is heated at 100*C with a mixture of finely divided aluminium and 
aluminium oxide in a reducing atmosphere of hydrogen? 1 
(B) A mixture of aluminium oxide and coke heated in a current of chlorine? 1 
(iii) А white powdered compound absorbs moisture from the air but is not deliquescent. 
It does not dissolve completely in water. On reacting with mineral acid produces a gas while 
decolorizes vegetable colours by oxidation. Name the compound with the relevant reactions. 


How the compound is manufactured? 2 
8. (a) Find the structure of the hydrocarbon that produces one mole each of ethanedial and 
butanedial on ozonolysis. 2 


(b) Devise a scheme for the synthesis of n-butane using CH3I as the only carbon source. 

Can you employ the reactions in your scheme to synthesize propane in fairly pure state? Explain. 

4 

(с) (i):How тапу monochloro products would you expect when 2-methylbutane is 

chlorinated? Write their structures and IUPAC names. One of them may have stereoisomer. 
Indicate it. 

(ii) Which of the isomer(s) will not give one product only on dehydrohalogenation 


with alcoholic KOH? 1 
9. (а) Name the reagent by which most aldehydes сап be made to undergo Cannizzaro type 
reaction. Give the equation of the reaction also. 1 


(b) What happens when ап alkyl nitrile reacts with a Grignard reagent followed by addition 
of dilute acid to the reaction mixture? Mention the relevant equations. 2 

(c) State what happens when ammonium acetate is heated with glacial acetic acid and the 
product thus formed is heated with bromine and caustic potash solution. 

(d) A fuming organic liquid A rapidly reacts with ethanol to give a liquid B and a gaseous 
product С. An aqueous solution of С gives a curdy white precipitate with AgNO3 solution. 
The precipitate is soluble in dilute aqueous ammonia but insoluble in dilute nitric. acid. LiAIHA 
reduction of В generates ethanol as the only product. Identify А, В, and C and give equations’ 
for the reactions. 4 


10. (a) When phenol reacts with phosphorus pentachloride minor amount of chlorobenzene 
is formed. What is the major product? Write down its structure. 2 
(b) How many aniline be (i) monobrominated and (ii) mononitrated? Show the steps. 4 
(c) An aromatic compound А containing one oxygen atom has 76:69 € and 638% hydrogen. 
It is soluble in aqueous caustic alkali and gives characteristic colour with FeCls solution. 
When treated with NaOH and CO» at 140°C under pressure А furnishes B which after 
acidification gives C. Acetylation of C gives D which is used as a pain killer. Identify 4, B, C. 
and D. Give reasons in favour of your answer. 4 
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H. S. CHEMISTRY : 2004 
Second Paper 
Group ‘A’ 

Answer any two questions. 
1. (a) Write what do you understand by half-life period of a radioactive element. 2 
(b) The half-life period of a radioelement is two years. What amount will be left of 100 
grams of the radioelement after eight years? 2 
(c) State with reasons which of the following isotopes of lead is the end-product of the 


decay series of Т??? by the requisite emission of œ and f particles. 
g2Pb2!9, в2РЬ208, „„рЬ2% 


Write how many f particles are emitted in this case. 2 
(d) Explain, 

(i) radioactivity of an element is a property of the nucleus of the atom, 2 
(ii) all radioactive minerals contain lead. 2 
2. (a) State the postulates of Bohr's atomic model. 3 


(b) What are the maximum number of electrons that can be accommodated in 3s and 
4p orbitals? 1 

(c) Write down the electronic configurations of Nat, O* and СГ 

The atomic numbers of sodium, oxygen and chlorine are 11, 8 and 17 respectively. 3 


(d) Complete the following nuclear reaction : 4Be + ;He^ — ? + on! 1 

(e) Differentiate, with example, between isotopes and isobars. 2 

3. (a) Name the group of the periodic table where elements in all the three states—solid, 
liquid and gaseous—occur at ordinary conditions. Name the elements. 112 

(b) Electronic configuration of three elements are given below, . 

(i) 1s? 2s! 


(ii) 1522522р5 
(iii) 1522522р63528рб452 


Pick out the alkali metal, alkaline earth metal and the halogen, give reason. 3 
(c) К+ and CI- ions have the same number of electrons, but their volumes are not equal— 
explain. y 2 
(d) Mention two characteristic properties of transition elements, with example. 2 

1 


(e) Write Dobereiner’s law of triad with one example, 

4. (a) Explain, why ortho-hydroxybenzoic acid is a stronger acid than para- 
hydroxybenzoic acid. 2 

(b) (1) Which of the two molecules, choloroform and carbon tetrachloride, is polar and 


why? 2 
(ii)Explain why an aqueous solution of copper sulphate cannot be kept іп an iron vessel. 
| 2 

`(с) Pick out, with reasons, the oxidant and reductant in the following reaction, 
2Na + Н, = 2NaH. 2 

(d) Balance the following reaction by oxidation number method : 
CuO + NH; 4 Cu + №, + HO Ж, 
Group ‘B’ 


Answer any two questions. 


5. (a) Discuss briefly, with equations, the principle of extraction of blister copper from 
its concentrated sulphide ore. Name one alloy of copper and write one use of it. 4+ 1 
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(b) Explain why 2x2 

(i) calcium cannot be extracted from its ore by carbon reduction process. 

(ii) in the carbon reduction process for the extraction of zinc, blast furnace cannot be 
used. , 

(c) What is the lining used for the Acid Bessemer converter for the manufacture of steel? 


6. (а) Distinguish with example, 3 

(i) mineral and ore, 

(ii) gangue and slag. 

(b) Write the following informations regarding the extraction of sodium by Down's 
process, 141 

(i) electrolyte used, 

(ii) materials of the two electrodes. 


(c) Discuss with examples the principle of thermit process. 2 
(d) Arrange the following in the decreasing order of carbon content : 1 
cast iron, wrought iron, steel. 

(e) Write a note on passivity of iron. 2 

7. (a) Describe briefly one commercial process for the preparation of bleaching powder. 
Mention two of its uses. 341 

(b) State with equations what happens when 2x3 

(i) excess of caustic soda solution is added slowly to an aqueous solution of zinc 
sulphate, 


(ii) dry ammonia gas is passed over hot sodium at 400°C and the product is treated with 
water, i 

(iii) potassium iodide is added to an aqueous solution of ferric chloride. ° 

8. (a) Name one metal that reacts separately with caustic soda and dilute hydrochloric 
acid to produce the same gas, but scarcely reacts with dilute of concentrated nitric acid. Give 
the equation for the reaction of the metal with caustic soda. 1+2 

(b) Give the chemical formula and one use of each of the following : 3 

philosopher’s wool, common alum, green vitriol. 

(c) What is the role of fluorspar in the electrolytic extraction of calcium from molten 


calcium chloride? What is the material of the anode used in this process? 1+1 
(d) Explain : ^ 
plaster of paris sets to a hard mass on treatment with water. 2 
Group ‘C’ 
Answer any four questions. 
9. (a) Write the IUPAC names of the following (attempt any two) : 2 
. COOH 
(i) ! 
COOH 
H3 


1 
(ii) CH; – F - CH - CH; 


? 
(iii) CH; - C - NH; : 
(b) Give the structural formulae of the following : 2 


(i) propane-1, 2, 3- triol, 
(ii) 3-hydroxy-2-methylbutanal. 
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(c) Define ‘functional group’ with examples. 2 
(d) Write the geometrical shapes of methane and ethylene molecules. 2 
(e) Write how you will test the presence of unsaturation in an organic compound. 2 
10. (a) Write notes on : 2x3 


(i) Markownikoff's rule 
(ii) Williamson synthesis 
(iii) Ozonolysis 
(b) Write how you will introduce the following groups in the benzene ring: 2х2 
(i) -NH2 
(ii) -COCH; 
11. (a) Mention suitable chemical test for each of the following pairs to distinguish 
between 2x3 
(i) benzene and toluene, 
(ii) ethylene and acetylene, 
(iii) acetone and methyl alcohol. 
(b) Give the chemical identity and one use of each of the following : 1+1 
(i) carbolic acid, 
(ii) methylated spirit. 
(c) Give the structure of one functional-group isomer for each of the following: , 2 
(i) СН,СООС,Н; 
(ii) CH;CH,CH,CHO 
12. (a) Write how you will prepare 2х4 
(i) methyl alcohol from ethyl alcohol, 
(ii) acetic acid from methyl alcohol, 
(iii) ethane from acetic acid, 
(iv) nitrobenzene from aniline. 
(b) How will you separate the constituents of a mixture of nitrobenzene and aniline? 2 
13. (a) Give the name and formula of the organic compound produced by the action of 
heat on 4 
(1) clacium acetate, 
(ii) a mixture of acetic acid and phosphorus pentoxide, 
(iii) calcium formate, 
(iv) a mixture of sodium acetate and sodalime. 
(b) What is the source of pyroligneous acid? What are its major constituents? 1 + 2 
(c) Explain why chloroform becomes poisonous in contact with air in presence of light. 
Give equation. А 
(d) Name the enzyme necessary for conversion of glucose to ethyl alcohol. 1 
14. (а) A sweet-smelling organic liquid (A), on hydrolysis, produces an acid (В) and a 
primary alcohol (C). The alcohol (C) responds to haloform reaction. The acid (B), on 
reduction with lithium aluminium hydride, gives (C). Identify (A), (B) and (C) and explain 
the reactions. 4 
(b) State what happens when 2x2 
(i) acetone is refluxed with baryta, 
(ii) a mixture of choloroform, aniline and alcoholic caustic potash is heated. 
(c) Mention, with example, one use of each of the following reagents in Organic 
Chemistry : 2 
(i) zinc amalgam and concentrated hydrochloric acid, 
(ii) bromine and caustic soda. 


